
7

II. Review of Hazardous Ambient Air Standards

A. Background

In November 1981, the Vermont Air Pollution Control Regulations were amended to adopt a
definition for hazardous air contaminants and adopt Regulation 5-261 which specifically deals
with the control of such compounds.  In June of 1985, the Air Pollution Control Division issued a
draft proposal entitled "Vermont Hazardous Air Contaminant Guideline", the goal of which was
to offer guidance in the implementation of the relatively new Regulation 5-261.  The 1985
Guideline (hereafter referred to as “Guideline”) included a list of compounds referred to as
Hazardous Air Contaminants, that, when present at elevated concentrations in outdoor (ambient)
air, may be of concern for public health.  This set of compounds was simply all the chemicals
listed in the 1984 issue of "Threshold Limit Values for Chemical Substances and Physical Agents”
produced by the American Conference of Governmental Industrial Hygienists (ACGIH).  
An ambient standard was originally derived for each Hazardous Air Contaminant by dividing its
work place (occupational) air standard, called a Threshold Limit Value or TLV, by 100 to
account for some model uncertainties and then by a time factor of 4.2 to extrapolate from a
standard designed to protect the average healthy worker from adverse health effects to an outdoor
air standard designed to protect the general public from adverse effects (i.e., to go from 8 hours
per day, 5 days per week to continuous exposures of 24 hours per day, 7 days per week)
(ACGIH, 1997).  No distinction was made between compounds based on their toxic endpoint,
i.e., compounds with known carcinogenic potential were treated the same as compounds known
to be short term irritants.

Over a number of years and with the help of several air quality and public health specialists, the
original Guideline were revised and eventually became incorporated into the Air Pollution Control
Regulations in March of 1989.  The major revisions included:

(1) Compounds not reasonably expected to be used in Vermont or used solely as
pesticides and thus regulated by the Department of Agriculture, Farm and Markets were
eliminated from the list of Hazardous Air Contaminants;

(2) The remaining compounds were divided into three categories by type of toxic endpoint
(carcinogens versus noncarcinogens):

(a) Category I Contaminants: known or suspected carcinogens;

(b) Category II Contaminants: Noncarcinogens with potential chronic/systemic
effects due to long term exposure;

(c) Category III Contaminants: Noncarcinogens considered to have only short
term irritant effects; and
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(3) Distinct procedures were established for setting ambient air standards for each
Category of Hazardous Air Contaminant.

In 1993, the Regulation was revised to address difficulties in interpretation and implementation. 
Changes were only made in how the Regulation was to be applied, not how the standards were to
be derived or the values of the standards themselves.  This version of the Regulation exists today. 
A five year review period was concurrently set aside to review the basis for each ambient standard
and the impacts of regulating individual emitters without considering the levels of contaminants in
the existing air.  This report presents the findings and recommendations resulting from this
review.

B. Category I 
      
1. Current Methodology

Per the current Regulations, those Hazardous Air Contaminants identified as potentially
carcinogenic by the United States Environmental Protection Agency (US EPA) or International
Agency for Research on Cancer (IARC) or reported to induce cancer in two or more tests
performed by either the National Toxicological Program (NTP) or National Cancer Institute
(NCI) are classified as Category I Compounds: known or suspected carcinogens.  Antimony
trioxide and acrylamide were also placed in this Category due to their identification as potential
human carcinogens by the ACGIH and Dr. Edward Calabrese of the University of Massachusetts.
      
Because it is generally assumed that no threshold level of exposure exists for potential
carcinogens, i.e., an increase in the probability of developing cancer (over the background cancer
rate) is assumed to be associated with any exposure greater than zero, the current Regulations
require that the ambient air standard for each Category I compound be set at a concentration
estimated to correspond to a one in one million (1 x 10-6) increase in the probability of developing
cancer (over and above the background rate) over a lifetime of exposure.  Each standard then
represents the estimated level of that compound in ambient air to which one could be exposed to
24 hours per day, 365 days per year for 70 years and experience only a one in one million increase
in the risk of developing cancer from that exposure.

In order to estimate the concentration of a compound in outdoor air that corresponds to a
maximum allowable risk of 1 x 10-6, it is necessary to first have a quantitative estimate of the
compound's carcinogenic potential.  A Cancer Potency Factor, also referred to as a Cancer Slope
Factor, is a measure of a chemical's carcinogenic toxicity.  The higher the value, the greater the
compound's carcinogenic potential. 

Because the ability of a compound to cause cancer may vary depending on the way it enters the
body, estimates of carcinogenic potency via inhalation and oral exposure have been derived for a
number of compounds.  A number of different mathematical models are available for deriving
such estimates. For example, several cancer potency factors currently available on the US EPA
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Integrated Risk Information System (IRIS) database were derived using the Linearized Multistage
Model.  The Committee assumes that the various models employed by the US EPA to derive the
factors cited on IRIS are both reasonable and appropriate.    

The ambient air standard for each Category I compound was derived by combining an estimate of
the compound's cancer causing potential (Cancer Potency Factor) with an estimate of potential
human exposure (24 hours per day, every day for 70 years).  The greater the Cancer Potency
Factor, the more restrictive the standard derived. 

The following hierarchy was employed in the derivation process:

(1) An ambient air standard corresponding to an excess lifetime carcinogenic risk of one in
one million was calculated based on an available inhalation Cancer Potency Factor;

(2) In the absence of an inhalation Cancer Potency Factor, an ambient air standard
corresponding to an excess lifetime carcinogenic risk of one in one million was calculated
based on an oral Cancer Potency Factor;

(3) If no Cancer Potency Factor was available for either the inhalation or oral route of
exposure, a default value of 0.01 micrograms/cubic meter was employed as the ambient
standard.

The algorithm employed in options (1) and (2) is presented in Equation 1.  A detailed description
of the variables involved is provided in Appendix A, Figure 1. 

Equation 1:

Hazardous Ambient Air Standard (micrograms/cubic meter) = 

 ln [1 - (1 x 10-6) ] x 1000 micrograms per milligram     
                           - [(Cancer Potency Factor x Daily Inhalation Rate x F )\Body Weight]

The above algorithm incorporates a factor, referred to as the F factor, originally intended to
account for the fact that, in some instances, less than 100 percent of the compound inhaled into
the lungs is actually absorbed into the blood stream.  At present, a value other than 100 percent is
employed for only three compounds: carbon tetrachloride, tetrachloroethylene and
trichloroethylene. 

For those Category I contaminants with neither an inhalation nor oral potency factor, a default
maximum acceptable concentration of 0.01 ug/m3 was employed as an ambient standard.  This
value was derived in 1989 in the following manner:
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(1) For each Category I compound adopted into the Regulations in 1989 that had a cancer
potency factor (CPF), the potency factor was multiplied by the compound's molecular
weight (MW) to produce a Potency Index (PI) [CPF X MW = PI];

(2) The median value of all the Potency Indices generated (100) and the median of all the
Molecular Weights (285) were plugged into the above equation to yield a calculated
Cancer Potency Factor [CPF x 285 = 100 thus CPF = .35];

(3) The calculated Cancer Potency Factor was plugged into the algorithm used to derive
an annual ambient standard for a potential carcinogen.  A value of 0.01 ug/m3 resulted.

Thus, an annual average ambient concentration of 0.01 ug/m3 was estimated to correspond to a
one in one million excess lifetime cancer risk given a cancer potency factor of 
0.35 (mg/kg-day)-1. 

An annual averaging period was employed for all Category I compounds.
 
2. Recommended Revisions

For the purposes of this report, the Cancer Potency Factors employed for each Category I
contaminant were reviewed, researched and where appropriate updated.  Toxicity information
was obtained from the US EPA IRIS database and Health Effects Summary Tables (HEAST) as
well as a summary of carcinogenic evaluations presented in the IARC monographs.  A
compendium of NTP abstracts issued between 1972 and 1993 was also searched (EHP, 1993).  In
addition, a meeting of the Toxicological Advisory Committee (hereinafter "Committee") in
November 1997 generated several recommendations for alterations in the current assessment
process. Proposed changes in assessment protocol along with updated toxicity information are
detailed in the paragraphs which follow.

Although the regulations currently state that both NTP and NCI studies are to be reviewed for
evidence of potential carcinogenicity, a review of the NTP abstracts compendium is sufficient
because the NCI Carcinogenesis Bioassay Program has been part of the National Institute for
Environmental Health Sciences since 1981 at which time NTP became responsible for conducting
the carcinogenicity /toxicity studies (Felter, 1997).  While it is possible that a pre-1981 study may
be noted as NCI/NTP or just NCI, it is likely to be included in the compendium reviewed.  

As of this writing, listings of NTP abstracts issued since 1993 (and any older NCP studies not
included in the compendium) had not been located.  For future efforts, a mechanism for
periodically obtaining NTP reports will need to be established so that this source may be used to
help identify potential Category I compounds.  However, it is important to recognize that the
research reports issued by this entity are not routinely and regularly updated as are the US EPA
and IARC sources.  It is possible that a research report indicating a shift in the status of a
compound may be issued the day after the report prepared by the Committee is issued.  Because
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research reports are produced by a dynamic process, a dynamic mechanism for reviewing such
information and making adjustments in the categorization of compounds should be developed.
 
Considering the aforementioned factors and the fact that EPA and IARC already have reviewed
such studies in their determination of potential carcinogens, the Committee recommends that the
Regulation be reworded to indicate that a compound may be considered for inclusion as a
Category I contaminant if positive tests in two species are reported by NTP as opposed to must
be included if reported to induce cancer in two or more tests (perhaps even of the same species)
performed by either NTP or NCI.  In this way, in the event that a particular chemical of concern
for the state has not been classified or reviewed by either EPA or IARC, the Agency will have the
option of reviewing the raw NTP studies to try and make some determination of potential
carcinogenicity.

Cancer classification status for each Category I compound is presented in Appendix A, Table 1. 
In some instances, it was not possible to determine exactly why the compound had originally been
placed in this category.  A plausible explanation for this lapse is that perhaps the EPA and/or
IARC classification has been revised since the compound was added to the list.  Thus, it is
possible that a compound identified as a Class C by EPA in 1989 has since been reclassified as a
D.  As of this writing, designation rationale was not clear for the following six compounds: arsine,
1,1-biphenyl, diazomethane, methyl bromide, methyl iodide and propylene imine.  Therefore, the
Agency recommends reclassifying these compounds as Category II and deriving their ambient air
standards using Category II methodology. The proposed revised methodology for Category II
compounds includes employing an extra uncertainty factor of 10 to derive the HAAS for those
Category II compounds identified as a potential occupational carcinogen by NIOSH or as an A1:
Confirmed Human Carcinogen; A2: Suspected Human Carcinogen; or A3: Animal Carcinogen by
ACGIH. All of the above compounds, except for 1,1-biphenyl, have been noted as potential
occupational carcinogens by NIOSH or ACGIH. The proposed revisions are presented in
Appendix A, Table 2. 

The derivation of and need for F factors was also investigated by the Committee.  After much
discussion, the Committee recommends that the assessment procedure be revised and that a
conservative absorption factor of 100 percent, meaning an F factor of 1, be employed in the
derivation of ambient standards for all Category I compounds.  This value assumes 100 percent
absorption across the lungs, similar absorption in humans under environmental conditions as seen
in the studies which generated the toxicity values and if not so, that the inhalation potency factor
has already taken this into account.  It further assumes that absorption via inhalation will be
similar to that via ingestion for those Category I compounds where an oral potency factor is used
as a surrogate in the absence of an inhalation potency factor.  The Committee also recommends
that a simple mechanism be developed to allow for the presentation of information that may lead
to the use of a factor other than 100 percent.  For example, the situation may exist where
metabolic differences between species or between experimental and ambient conditions dictate
than an adjustment be made.  It is possible that one species may have enzymes that rapidly
deactivate a potentially toxic compound while another species does not.
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Where appropriate, the Committee still recommends that, when available, an oral potency factor
be employed as a surrogate in the absence of an inhalation potency factor with the following
exceptions:

1. Those instances where the type of cancer produced is directly related to the route of
exposure, e.g., ingestion results in cancer of the stomach; and

2. Those instances where ingestion and the digestive process causes the parent compound
to be converted to a carcinogenic intermediary that would not have occurred if the
compound had been inhaled across the lungs.

A simple mechanism allowing for the presentation of information that may lead to the use of an F
factor other than 100 percent should be developed for those instances where oral values are used
as surrogates.

For several Category I compounds, neither an inhalation nor oral cancer potency factor is
available.   However, in some instances an inhalation reference concentration (RfC), which is
designed to be protective of potential noncarcinogenic health effects that may be associated with
long term, continual exposure, has been developed.  For these situations, three options were
considered:

(1) continue to use the default of 0.01 ug/m3 as the ambient standard;
 

(2) employ the RfC as the ambient standard; or

(3) divide the RfC by an additional uncertainty factor to account for the fact that the
compound's carcinogenic potential has not been quantified and use this adjusted value as
the ambient standard.

The Committee recommends that option (3) be employed using an additional uncertainty factor of
ten.  The rationale behind this recommendation is that because cancer may be the more sensitive
endpoint, an ambient concentration protective of cancer will tend to be more restrictive than one
designed to be protective solely of noncarcinogenic effects.  Thus, dividing the RfC by an
uncertainty factor of ten attempts to decrease the maximum allowable ambient concentration to a
level that will be protective of potential carcinogenic effects.  Although, precedence exists for
using uncertainty factors between three and ten to attempt to account for various model
uncertainties, the Committee recommends using ten in an attempt to be adequately health
protective.  This approach is recommended over using the default value described above in that it
is based in part on some chemical specific knowledge.  As with the F factor discussion, a simple
mechanism allowing for the presentation and consideration of alternative values should be
developed for those compounds where this procedure would be employed.  A more complete
discussion of inhalation reference concentrations may be found in Section II.C.2.  For those
Category I compounds with no inhalation or oral cancer potency factor or inhalation reference
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concentration, the Committee recommends that a default concentration of 0.01 ug/m3 still be
employed as the HAAS.  The above hierarchy is depicted in Figure 2.1.

During the course of this review, several changes were noted in the toxicity values associated with
several Category I compounds.  In some instances, updated inhalation Cancer Potency Factors
were available, in other instances, Potency Factors were available for compounds that previously
had none.  Inhalation reference concentrations are also available for some Category I compounds.
A summary of the updated toxicity information is presented in Appendix A, Table 3.
For ease of comparison, compounds are grouped by the type of change noted. Those compounds
with no changes are also listed.

Provisional inhalation cancer potency factors and weight of evidence classifications were obtained
from the US EPA Technical Support Center for both tetrachloroethylene and trichloroethylene. 
These values are cited in the Risk Assessment Issue Paper for Tetrachloroethene (NYS, 1996a)
and Risk Assessment Issue Paper for Trichloroethene (NYS, 1996b) respectively.  

Although the inhalation cancer potency factor noted for benzo(a)pyrene was removed from IRIS
by EPA in 1993, the value is still employed by the majority of the risk assessment community
because a new value has not yet been released and no clear consensus exists as to why this value
should not be used.
 
While inhalation potency factors are still not available for aniline, dioxane and propylene
dichloride, oral cancer potency factors are now available for all three.  Thus, the Committee
recommends the ambient standard for each should be revised from the current default of 0.01
ug/m3 using the new oral factor as an inhalation factor surrogate. 
 
The existing standards for allyl chloride and 2,4-dinitrotoluene are based on oral cancer potency
factors which are no longer used.  No updated oral potency factors were located for either
compound.  Inhalation potency factors are still not available for these two compounds.  However,
an RfC is now available for allyl chloride.  Per the Committee's recommendation, the standard for
allyl chloride should be derived by dividing the RfC by an uncertainty factor of 10.  In the case of
2,4-dinitrotoluene, research revealed that several experimental tests have been conducted with a
mixture of 2,4 and 2,6 dinitrotoluene and that an oral cancer slope factor of 0.68 (mg/kg-day)-1

has been generated for this combination.  Although the 2,6 isomer is thought to be primarily
responsible for the carcinogenic action noted, it is recommended that the oral potency factor for
the mixture be employed to derive the standard for what is now listed as solely the 2,4 isomer and
that the Regulation be revised to note that the compound of concern is a mix of both isomers. 
The basis of this recommendation is that in real life a combination of the 2,4 and 2,6 isomers, not
just one isomer or the other, will be encountered.

RfCs are now available for two compounds (antimony trioxide,  and chloroprene) which still do
not have associated inhalation or oral potency factors.  The standards for these compounds should
be revised to one-tenth the appropriate RfC.  
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This leaves three Category I compounds (dimethyl sulfate, nickel carbonyl, and o-toluidine) with
no inhalation or oral potency factors, or inhalation reference concentration.  The standard for
these three should remain at the default of 0.01 ug/m3.

A summary of proposed revised ambient air standards for Category I compounds is presented in
Appendix A, Table 4. 

There are some compounds which are identified as carcinogenic which would not fit this standard
model of derivation because the compound initiates a carcinogenic response due to a unique
physical property of the compound.  An example would be asbestos.  Asbestos dust causes
fibrosing inflammation of the lung tissue and cancers.  This is thought to be triggered due to the
length and shape of the fiber itself, not its ability to diffuse into the blood stream like most of the
organic compounds studied for cancer potential.  For this reason, the standard methodology
discussed above for establishing ambient standards is not appropriate.  The Committee
recommends establishing ambient standards for asbestos and other mineral compounds, such as
crystalline silica, by a different method, first relying on other organizations such as EPA to
establish a standard appropriate for the compound, or, in the absence of a standard adopted by
EPA, develop a distinct procedure for mineral compounds. 

C. Category II and Category III 

1. Current Methodology

Per the current Regulations, those Hazardous Air Contaminants not identified as potentially
carcinogenic by the US EPA or IARC or reported to induce cancer in two or more tests
performed by either NTP or NCI are divided into two categories:

(1) Category II - Noncarcinogens with potential chronic/systemic effects due to long term
exposure; and 

(2) Category III - Noncarcinogens considered to have primarily short term irritant effects.

For noncarcinogenic health effects, it is generally assumed that some threshold level of toxicity
exists i.e., there is some level of exposure below which no adverse health effects are likely to
occur.  A particular effect is assumed to arise only after a certain minimum fraction of given target
molecules have been exposed to the chemical in question.  Because the actual threshold level of
exposure will vary from individual to individual, assessment of noncarcinogens focuses on
estimating a population threshold level.  

Several techniques for estimating population thresholds are employed by various entities. 
Experimentally determined subthreshold doses or estimates of subthreshold doses derived from
occupational (work place) studies are commonly relied upon for use in assessing health effects
associated with exposure to noncarcinogenic compounds.  
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At present, the Regulations require that the HAAS for Category II and Category III compounds
be based upon ACGIH TLVs which are work place air guidelines. Ambient standards for these
compounds are derived by dividing the TLV, when one is available, by one or more uncertainty
factors designed to account for some model uncertainties and by a time factor which accounts for
the accumulation potential of the compound.  Uncertainty factors totaling 10, 100 and in a few
instances 1000 are employed depending on the strength and type of exposure data available for
each compound.  

Because potential chronic/systemic effects are associated with long term exposure to all Category
II contaminants, the TLV for each such compound is also divided by a time factor of 4.2 to
extrapolate from a standard designed to protect the average healthy worker from adverse health
effects to an outdoor air standard designed to protect the general public from adverse effects (i.e.,
to go from 8 hours per day, 5 days per week to continuous exposures of 24 hours per day, 7 days
per week) (ACGIH, 1997).  The resulting value is used as an estimate of the level of daily
exposure thought to present no significant increase in the likelihood of developing adverse
noncarcinogenic health effects over a lifetime even for sensitive subpopulations.  Emitters are held
to such standards on an annual average basis.

Short term (transient), non-cumulative irritant effects are associated with the majority of Category
III contaminants.  In these instances, it is not appropriate to adjust the TLV for continuous
exposures and rather a time factor of 1 is employed along with the appropriate uncertainty
factors.  Sources are held to these standards on an eight hour average basis.  

A few Category III compounds are associated with both short term irritant effects and also some
type of extended, but not chronic, effect.  For example, the effect noted may dissipate a few days
after exposure has stopped.  In view of this, a conservative, health protective approach has been
taken and along with the appropriate uncertainty factors, a time factor of 4.2 is employed to
extrapolate the TLV to a continuous level as described above.  For these Category III
compounds, emitters are held to the standard on a twenty-four hour average basis. 

The current Regulations dictate that if no ACGIH TLV is available for a particular compound
then, if available, an occupational standard established by either the National Institute for
Occupational Safety and Health (NIOSH) (termed Recommended Exposure Limits or RELs) or
the US Department of Labor Occupational Safety and Health Administration (OSHA)(termed
Permissible Exposure Limits or PELs) shall be used as a surrogate in the ambient standard
derivation process.  If no occupational value is available from any of these sources, a standard is
issued based on an evaluation of the toxicity information available for the compound in question.

2. Recommended Revisions

For the purposes of this report, the occupational standards employed for each Category II and III
contaminant were reviewed, researched and where appropriate updated.  Current occupational
standards were obtained from ACGIH, NIOSH and OSHA.  In addition, toxicity information was
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obtained from the US EPA IRIS database and HEAST.  A summary of carcinogenic evaluations
presented in the IARC monographs and NTP abstracts were also searched for toxicity
information. 

During the course of this review, several changes were noted in the occupational standards and
toxicity values available for several Category II and Category III compounds.  For example, of the
hundreds of compounds in these two categories, over a dozen now meet the criteria for
classification as a Category I contaminant and should therefore be reclassified as Category I
contaminants.  Once reclassified, a HAAS for each such compound should be derived using the
procedure recommended for all Category I contaminants outlined in Section II.B.2 above. A list
of all such compounds is presented in Appendix B, Table 1.

Crystalline silica has been identified by IARC as a potential occupational human carcinogen.  Like
asbestos, cancer caused by occupational exposure to crystalline silica does not fit the basic cancer
models used to derive standards for the other potential carcinogens.  For this reason, the
Committee recommends an alternative procedure be developed to derive a standard protective of
cancer for mineral compounds if EPA has not already done so.  In the case of crystalline silica, the
EPA has not identified crystalline silica as a potential carcinogenic compound and therefore no
appropriate standard currently exist.  Until the Agency is able to develop an appropriate
derivation process for mineral compounds, the Committee recommends the current standard be
retained for crystalline silica.

Inhalation reference concentrations
(RfCs), which are designed to be
protective of potential noncarcinogenic
health effects given long term, continuous
exposure, are now available on IRIS and
in HEAST for several Category II and
Category III compounds.  In general, an
RfC estimates the level of a particular
compound in ambient air to which one
could be exposed on a twenty-four hour a
day basis and not experience a significant
increase in the likelihood of developing
adverse noncarcinogenic health effects
over a lifetime, even for sensitive
subpopulations.  

RfCs are considered to take into account both potential respiratory and non-respiratory effects
and address both pharmacodynamics and pharmacokinetics.  Some RfCs have been derived based
on studies of occupationally exposed groups of people, while others are based upon results of
experimental studies with laboratory animals extrapolated to humans. As with all toxicity values
on the US EPA IRIS database and HEAST document, RfCs are only included after a

WHAT IS AN RfC?

Inhalation reference concentrations are designed
to be protective of potential noncarcinogenic
health effects that may be associated with long
term, continuous exposure. An RfC estimates the
level of a particular compound in ambient air to
which one could be exposed on a 24 hour a day
basis and not experience a significant increase in
developing adverse noncarcinogenic health effects
over a lifetime, even for sensitive populations.  For
noncarcinogenic health effects, it is assumed that
some threshold level of toxicity exists i.e., there is
some level of exposure below which no adverse
health effects are likely to occur.    
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"...comprehensive review of chronic toxicity data [is conducted] by work groups composed of US
EPA scientists..." (IRIS, 1997).  These values are typically derived by the US EPA Reference
Dose/Reference Concentration (RfD/RfC) Workgroup (EPA, 1994).

The RfC methodology and RfCs themselves were not widely available at the time the
methodologies for Category II and Category III compounds were developed in 1989.  Therefore,
the adjusted occupational standard approach was a default, more subjective approach developed
to try and approximate the same ambient level that is now estimated in a more scientifically
defensible manner by the RfCs.

Considering the above information, for Category II and Category III contaminants, it is
recommended that where available, the RfC be used as the HAAS rather than employing an
adjusted occupational standard.  In those instances where using an RfC would result in a greater
HAAS than the current approach, an investigation will be conducted to ensure that the RfC takes
into account the same uncertainties and toxic endpoints addressed by the occupational standard.

For those Category II compounds without an RfC, the Committee recommends that the existing
adjusted occupational standard methodology described above be used to derive an appropriate
ambient standard.  However, it is recommended that the Regulation be revised to require that the
most conservative (lowest) available occupational standard (ACGIH TLV, NIOSH REL or
OSHA PEL) for a chemical be used in the equation to derive an appropriate HAAS.  It is also
recommended that a simple mechanism be developed to allow for the consideration of updated,
scientific information that supports using an occupational standard other than the most
conservative one as the basis of the HAAS.  The current Regulation allows a PEL or REL to be
used only in the absence of a TLV.  

Once an adjusted work place value is derived, it is recommended that it be compared to the Acute
Exposure Guideline Level 2 (AEGL2) for the contaminant in question.  The AEGL2 represents an
airborne concentration of a substance at or above which it is predicted that the general population,
including susceptible but not hyper-susceptible individuals, could experience irreversible or other
long lasting effects or impaired ability to escape (FR, 1997).  For example, exposure to a certain
elevated amount of ammonia (a very strong eye irritant) while not producing a long lasting effect,
could impair vision to the point where the ability to escape would be hindered.  AEGLs are
derived by the National Advisory Committee on Acute Exposure Guideline Levels and
information on these values is readily available through the State of Vermont Department of
Health.  

If the adjusted work place value is at least ten times greater than the corresponding AEGL2, the
Committee recommends that the basis of the occupational standard itself undergo further
investigation to ensure that it is adequately protective of public health.   
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If no occupational value (TLV, PEL and/or REL) is available then, as before, a standard should
then be established based on an evaluation of the toxicity information available for the compound
in question.  

The above hierarchy is depicted in Figure 2.2.

A similar type of hierarchy is recommended for Category III contaminants.  As described for
Category II contaminants, it is recommended that, where available, inhalation reference
concentrations (RfCs) be employed as twenty-four hour ambient standards.  Unlike Category II
compounds, because the majority of chemicals in this category are considered to be short-term
irritants, it is recommended that in the absence of an RfC, a corresponding AEGL1 be employed
as an eight hour ambient standard.  An AEGL1 represents an airborne concentration at or above
which it is predicted that the general population, including susceptible but not hyper-susceptible
individuals, could experience notable discomfort (FR, 1997).  Airborne concentrations below the
AEGL1 represent exposure levels that could produce mild odor, taste or sensory irritation.  

In the event that no AEGL1 is available for a compound, the Committee recommends that, if
available, a corresponding AEGL2 be employed as the HAAS.  If no RfC, AEGL1 or AEGL2 is
available, then the ambient standard should be set using the adjusted occupational method
described above for Category II compounds.  

If no TLV, PEL or REL is available then, as before, the ambient standard should then be issued
based on an evaluation of the toxicity information available for the compound in question. 

The hierarchy for Category III contaminants is depicted in Figure 2.3.

The one caveat to the proposed revised methodologies described above is that as a conservative,
health protective measure, an extra uncertainty of ten was applied to derive the HAAS for those
Category II and Category III compounds identified as a potential occupational carcinogen by
NIOSH or as A1: Confirmed Human Carcinogen; A2: Suspected Human Carcinogen; or A3:
Animal Carcinogen by ACGIH. Proposed standards derived in this manner are so noted on the
tables provided in Appendix A and Appendix B.  Of particular note, and as depicted in Appendix
A, Table 2, are arsine, diazomethane, methyl bromide, methyl iodide, and propylene imine.       

A summary of all Category II and Category III compounds, updated toxicity information, and
occupational standards and how the corresponding ambient standard would change based on the
proposed revised methodologies is presented in Appendix B, Tables 2 through 5.  
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III.  Measurements of Hazardous Air Contaminants in Ambient Air

A.  Background

 The Committee has reviewed the ambient air monitoring data from 1993 to 1995 in order to
compare the ambient levels to the ambient air standards. The ambient air monitoring data is
collected as part of the Agency’s Air Monitoring Program.  This section discusses the air
monitoring program and includes information regarding (1) compounds monitored, (2) statistics
of the data, (3) detection limit issues, (4) compounds exceeding the ambient air standards, and (5)
local compounds versus transported compounds.  A more detailed discussion of compounds
exceeding the standard and compounds of public concern is found in Section IV.

1.  Compounds

The air toxics monitoring program was developed by the Hazardous Air Contaminant Monitoring
Committee in order to determine the ambient levels of numerous air toxics in accordance with the
objectives of Act 92 of the 1993 legislative session, section 575.  The program began in 1993 with
collection of data on Volatile Organic Compounds (VOCs) and has since expanded to include
carbonyl compounds and semi-volatile compounds (Polychlorinated Biphenyls (PCBs), Polynuclear
Aromatic Hydrocarbons (PAHs), Polychlorinated Dibenzo-P-Dioxins/Furans (PCDDs/PCDFs)).  The
VOC and carbonyl compounds monitored are listed in Appendix C, Table 1 (VOC and Carbonyl
Compounds Monitored). 

2.  Sites

Monitoring sites were selected by the Agency with the concurrence of the Hazardous Air
Contaminant Monitoring Committee to provide information on a variety of locations, from urban to
rural.  Burlington, Brattleboro and Rutland represent urban locations with high population exposure.
Winooski is a suburban location and Waterbury represents a village location. The Underhill site
provides background data from a rural location on the side of Mt. Mansfield (see Figure 3.1).
Sources of air toxics in urban areas include industry, motor vehicles as well as a residential
contribution.

3.  Methods

Samples were collected by different methods for each class of contaminants.  

VOC samples were collected over 24 hours in evacuated stainless steel canisters (EPA Method TO-
14) and subsequently analyzed by gas chromatography/mass spectrometry.  Carbonyl samples were
collected over 24 hours on a treated silica gel (EPA Method TO-11) and then analyzed by high
pressure liquid chromatography.  Samples for both VOCs and carbonyls were collected every 12
days.  
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The three classes of semi-volatiles (PCB, PCDF/PCDD and PAH) were collected simultaneously over
72 hours using modified EPA toxic organic methods (TO-4/EPA Modified 680 (PCB), TO-9/EPA
8290 (PCDF/PCDD) and TO-13/Modified CARB 429 (PAH)) and analyzed by high resolution gas
chromatography/high resolution mass spectrometry (HRGC/HRMS) and high resolution gas
chromatography/low resolution mass spectrometry (HRCG/LRMS) .  The semi-volatile data was
collected quarterly. 

Mercury samples were collected by the University of Vermont every Wednesday and every sixth day
(to follow national EPA and IMProVE [Interagency Monitoring of Protected Visual Environments]
and regional NESCAUM [Northeast States for Coordinated Air Use Management] particulate
sampling schedules. Vapor and particulate samples were collected for 24 hours (8 am cycle) on gold
coated sandpaper traps and glass-fiber particulate filters, respectively (Scherbatskoy et al; 1996). 

B.  Discussion of Data

1.  Summary of Statistics and Non-detects

Summary statistics for VOC and carbonyl compounds have been developed for the1993-1995 data.
The summary statistics present the mean, median, standard deviation, maximum, minimum and range
for 41 of the 72 compounds monitored.  The VOC and carbonyl summary statistics for 1993-1995
are located in Appendix C, Tables 2 and 3 (VOC Summary Statistics and Carbonyl Summary
Statistics).  For VOCs and carbonyls the annual average concentration was determined by averaging
the 30 samples collected each year.  A summary of the semi-volatile data is shown in Appendix C,
Table 4.  The Agency will continue to develop summaries of the air toxics data collected.  These
summaries are available to the public and will be updated annually. 

Numerous VOC and carbonyl compounds were not present in the atmosphere at sufficient levels to
be  detectable during sample analysis.  These samples are considered “non-detects” because their
concentration is less than their respective method detection limit (MDL).  Summary statistics were
only calculated for the 41 compounds with an average percent non-detect less than 95%.  A list of
the compounds and their average percent non-detects is shown in Appendix C, Table 1.  When
calculating the summary statistics, individual sample values less than the detection limit were assigned
a numerical value of one half the detection limit (½ MDL) for that compound.  Additional statistics,
high and low mean, were calculated to represent the uncertainty due to the non-detects.  The high
mean uses the detection limit for all non-detects and the low mean uses zero for all non-detects, thus
bracketing the true mean value.

2.  Non-Gaussian or Non-Parametric Statistics

Analysis of the frequency distribution of the VOC and carbonyl data showed that the data did not
follow a normal distribution, nor did they consistently follow any other particular pattern.  This lack
of normalcy requires the use of non-parametric statistics rather than the typical gaussian or normal
statistics.  Non-parametric statistics differ from gaussian statistics in that they have less power,
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requiring more data in order to reach a statistical conclusion. However, non-parametric statistics
have the capability of identifying differences in highly variable data.   Different statistical techniques
are required for analysis on non-parametric data, limiting the analysis tools available to the researcher.
Finally, the median is a better indicator of the central tendency of the data set then the mean for non-
parametric data. It is important to consider the type of statistics.

3.  Limitations and Uncertainties

There are limitations and uncertainties inherent in the collection and analysis of any statewide ambient
air monitoring program. These are due to the number of monitoring sites, monitoring frequency and
duration as well as analytical limitations, such as the detection limit.  Monitoring every 12 days for
24 hours at discrete locations cannot provide a complete picture of ambient air toxic concentrations
for the whole state. The 12 day sampling frequency would not detect isolated infrequent emissions.
Twenty four hour composite samples can not represent peak values due to the averaging inherent in
a 24 hour composite sample.  The finite number of monitoring sites provides a limited picture of
contaminant concentration across Vermont.  

The detection limit for each compound can also create uncertainty in the data collected.  Non-detects
in the data generate uncertainty as their true values cannot be determined.  This uncertainty can be
reduced by using the high and low mean to bracket the true mean of the data set.  Using the median,
rather than the mean, as an indicator of the central tendency of the data set also reduces the
uncertainty due to non-detects.  For some compounds the state standard is less than the detection
limit which makes it difficult to determine if the compounds exceed the standard.  These compounds
are listed in Table 3.1. 

There is also uncertainty inherent in the process of collection and laboratory analysis of the air toxics
samples.
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compound name CAS # HAAS averaging ESE MDL Radian MDL Percent

time 7/93 - 3/95 8/95 - 12/95 Non-Detect

benzene 71-43-2 0.12 annual average 0.10 0.77 11.52

bromoform 75-25-2 0.01 annual average 1.45 0.83 100

1,3-butadiene 106-99-0 0.035 annual average 0.15 0.33 41.01

carbon tetrachloride 56-23-5 0.067 annual average 0.19 0.44 14.75

chloroform 67-66-3 0.043 annual average 0.24 0.29 89.86

chloroprene 126-99-8 0.01 annual average 0.18 0.18 100

ethylene dichloride 107-06-2 0.038 annual average 0.24 1.05 100

hexachlorobutadiene 87-68-3 0.045 annual average 0.53 na 100

methyl bromide 74-83-9 0.01 annual average 0.27 0.70 98.62

methyl chloride 74-87-3 0.01 annual average 0.21 0.81 7.37

propylene dichoride 78-87-5 0.01 annual average 0.18 0.18 99.54

1,1,2,2-tetrachloroethane 79-34-5 0.017 annual average 1.99 1.10 100

1,1,2-trichloroethane 79-00-5 0.061 annual average 0.33 0.27 99.54

1,2,4-trimethyl benzene 95-63-6 0.15 annual average 0.49 na 35.63

vinyl chloride 75-01-4 0.20 annual average 0.18 0.28 100

Table 3.1-See Section III.B.3
Compounds with HAAS Less Than Detection Limit

C.  Observations and Conclusions

Analysis of the VOC and carbonyl data shows that 9 compounds exceed the state standard for annual
average concentration (see Table 3.2).  These compounds are: formaldehyde, benzene, 1,3-butadiene,
carbon tetrachloride, methylene chloride, chloroform, tetrachloroethylene, methyl chloride and 1,2,4-
trimethyl benzene (see Figure 3.2).  Section IV of this report provides greater detail regarding the
ambient levels of these compounds.  Some compounds appear to be locally generated while others
appear to be regional or transported.  Locally generated compounds are characterized by fairly short
atmospheric persistence and show increased concentrations with increased urbanization 
(see Figure 3.3). The regional or transported compounds persist for longer periods in the atmosphere
and show no statistically significant variation in median values between all sites, both urban and rural
(see Figure 3.4).
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Compound HAAS Max. Annual Average % Data Sets

ug/m^3 ug/m^3 Site Year Exceeding HAAS

benzene 0.12 4.05 Burlington 1994 100%

benzo-a -pyrene 0.0003 0.00053 Burlington 1996 50%

1,3-butadiene 0.035 0.95 Burlington 1994 100%

carbon tetrachloride 0.067 0.72 Rutland 1994 100%

chloroform 0.043 0.22 Burlington 1995 100%

formaldehyde 0.08 10.16 Winooski 1995 100%

methyl chloride 0.01 1.39 Burlington 1994 100%

methylene chloride 2 8.41 Rutland 1994 75%

PCBs 0.00081 0.00082 Winooski 1996 14.29%

tetrachloroethylene 0.41 0.62 Burlington 1994 8.33%

1,2,4-trimethyl benzene 0.15 2.8 Burlington 1994 100%

       
Table 3.2-See Section III.C.

Compounds Exceeding Vermont Standard

The semi-volatile data (Appendix C, Table 4) shows that some compounds approach or exceed the
Vermont standard (benzo-a-pyrene, and PCBs).  These results indicate the need for the development
of a comprehensive monitoring program for these compounds.  The current program has collected
one integrated sample per year for the semi-volatile compounds, providing useful information
regarding which compounds are present in the atmosphere at levels near the state standard.  The
results of this initial screening indicate which compounds need to be monitored more closely by
collecting numerous samples throughout the year with collection methods specific to the compound
being analyzed.  The results of the proposed comprehensive, compound specific monitoring program
would provide data for comparison to the state standard.
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Figure 3.2, Compounds Exceeding Vermont Hazardous 
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D.  Recommendations

The  Hazardous Air Contaminant Monitoring Committee recommends continued monitoring of the
VOC and carbonyl compounds to detect changes due to new sources and to determine the
effectiveness of reduction programs for target compounds.  Some VOC and carbonyl compounds
could be eliminated from the program as they exist at low concentrations far below their respective
standards.  Elimination of these compounds will be addressed if it results in a cost savings for the
program.  Those compounds that exceed or approach their standards should continue to be
monitored.  Changes in the monitoring program are recommended for those compounds that can be
harmful during short, acute exposures.  These compounds have eight hour standards and the current
24 hour sampling duration is not effective for determination of eight hour peak values.  This would
require either sampling for shorter periods of time or changing the standard to reflect the current
monitoring capability.  

Monitoring of VOCs and carbonyls is currently done at five sites (Burlington, Brattleboro, Rutland,
Underhill and Winooski).  Four (Burlington, Brattleboro, Underhill and Rutland) of these sites should
continue to collect data that would show changes over time.  The fifth site would be a roving site,
being moved to other locations in the state as needed to address areas of concern and to better
characterize a cross section of the state.  Monitoring at the roving sites would be conducted for a
minimum of 12 months to provide sufficient data for analysis.  

The current methodologies for analysis and collection of semi-volatiles need to be reconsidered due
to quality assurance issues with the extraction and analysis of the samples.  It is appropriate to
consider different sampling methodologies due to problems with the current approach.  The current
method collects a composite sample of all three semi-volatile groups simultaneously.  This leads to
analysis problems caused by reduced sample amounts and interference between the compounds
collected.  A standard collection method will collect samples of the three classes of semi-volatiles
independently, eliminating the problems associated with the current composite method.  Upon
development of a revised collection and analysis method, monitoring of semi-volatile compounds will
be continued to more accurately determine the levels of these compounds in the ambient air.

Further work needs to be done to develop lower detection limits for those compounds with standards
less than the detection limit.  This will require consideration of other analytical techniques, as they
may have lower detection limits for some compounds.                              
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IV. Priority Compounds

The following twelve compounds were identified as priority compounds because they either exceed
the ambient air standard or they are of concern to the public. For each compound, the committee has
provided a detailed discussion of ambient air levels, sources of the compound, whether the compound
is locally generated or transported from other areas,  and uncertainties of the data. In addition, a
discussion is provided on how the ambient air standard will change based on the proposed revised
methodology. Finally, in order to determine if the revised standard is health protective, the committee
discusses the biological activities and health concerns to illustrate the nature and risk from different
exposures, and the populations of concern. Section V provides a discussion on management options
for reducing emissions from these compounds.

A. Category 1

1. Benzene

a. Discussion
Benzene was selected as a priority compound because the annual average concentrations

always exceed the current standard at every site, every year. The current HAAS for benzene is  0.12
ug/m3  (annual average). The highest annual average concentrations were observed in Burlington: 2.83
ug/m3, 4.05 ug/m3 and 2.62 ug/m3 for 1993, 1994 and 1995.  Annual average concentrations of
benzene in Rutland were less than those in Burlington (1.76 ug/m3 in 1993, 3.48 ug/m3 in 1994 and
1.74 ug/m3 in 1995).  Waterbury and Winooski annual average concentrations ranged from 0.94
ug/m3 to 1.19 ug/m3.  Underhill had the lowest annual average concentrations (0.54 ug/m3 to 0.56
ug/m3)(see Figure 4.1).  Average annual concentrations of benzene in US urban areas range from 4
to 7 ug/m3 (EETE, 1995).    Benzene levels were too low to be detected in 12% of the samples
collected.  This is not significant in relation to the standard as all the low means for benzene exceed
the HAAS.    

Benzene in the atmosphere comes from numerous sources.  Motor vehicles are considered a
significant source of benzene.  Benzene is present in both evaporative emissions and in exhaust
emissions from motor vehicles (EETE, 1995).  Refueling of motor vehicles is another source of
benzene (ATSDR, 1996a).  Benzene is also released by industries in the state and is a component of
fossil fuel emissions, including wood stoves.  Benzene in Vermont appears to be locally generated
as the highest concentrations are observed in urban areas and the concentrations decrease as the sites
become more rural.  Benzene has an atmospheric half life of 10-12 days (Kao, 1994).
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    Figure 4.1-Annual average ambient air concentrations of 
    benzene in micrograms per cubic meter (ug/m3) at Vermont 
    Monitoring Sites from 1993 to 1995.  The Hazardous Ambient

                Air Standard (HAAS) is .12  ug/m3. See section IV.A.1.   

b.  Limitations and Uncertainties
There are no significant uncertainties regarding non-detects for benzene. Benzene has

numerous sources and the proportion each contributes to the total benzene concentration is not
known.  The proximity of some monitoring sites to area sources creates some uncertainty regarding
the ambient concentration.  Both Burlington and Rutland have gas stations in close proximity to the
monitoring sites.  Refueling operations could affect the ambient concentrations at these sites.  

c. Implications of Revised Standard
The proposed revised standard for benzene will remain the same at 0.12 ug/m3. Emissions will

continue to exceed the standard unless measures are taken to reduce emissions. As stated above,
sources of benzene emissions include automobiles, refueling at the gas station, industry, and wood
stoves.

d. Health Concerns:
One way benzene may enter the body is by inhalation of contaminated air into the lungs.

Studies with human volunteers indicate that inhaled benzene vapors are rapidly absorbed from the
lungs into the bloodstream where they can then be transported throughout the body.  The highest
absorption (up to eighty percent) has been noted during the first few minutes of exposure (ATSDR,
1996a).  Studies where human volunteers were exposed to high levels of benzene vapors for a few
hours have noted that approximately half of the vapors inhaled are retained and absorbed from the
lungs (EM, 1995).

Benzene is soluble in fat.  Absorbed benzene can temporarily be stored (accumulate) in bone marrow
and fat and slowly be re-released to the blood stream.  The amount of body fat and degree of physical



29

activity influence how quickly stored benzene will be re-released.

About half of the benzene absorbed into the blood stream leaves the body unchanged in exhaled air
within about 36 hours after exposure has stopped (EM, 1995).  Here again, timing is influenced by
the amount of body fat and degree of physical activity (EM, 1995).  The remaining fifty percent is
broken down into other compounds (metabolites) in the liver and bone marrow.  Some of these
metabolites are believed to be responsible for some of the adverse blood effects associated with long
term inhalation of high levels of benzene vapors (EM, 1995).  Most of the metabolites leave the body
through the urine within 48 hours after short term exposure stops (ATSDR, 1996a).  

The majority of information on potential health effects that may be associated with inhalation of
benzene vapors comes from studies of workers who were exposed to high levels of benzene vapors
for extended periods of time.  The general public is not expected to experience such high exposures.

Brief exposure (less than 10 minutes) to highly elevated levels of benzene vapors (about 20,000 ppm,
64,000,000 ug/m3) can result in death (ATSDR, 1996a).  Inhalation of between 700 and 3,000 ppm
(2,200,000 to 9,600,000 ug/m3) can significantly depress the central nervous system and result in
dizziness, drowsiness, rapid heart rate, headaches, tremors, confusion and unconsciousness (ATSDR,
1996a; EM, 1995).  In many instances, recovery from such central nervous system effects has been
noted once exposure stops and a person starts to breathe fresh air (ATSDR, 1996a).  However,
recovery time will vary depending on the amount of benzene inhaled and stored in the body.

Studies of people, especially workers, indicate that inhalation of elevated levels of benzene for long
periods of time may damage the tissues that form blood cells, especially the bone marrow.  Anemia,
excessive bleeding and leukemia (cancer of the blood forming organs) may result.   Blood processes
may return to normal if exposure has been limited and the person returns to breathing fresh air
(ATSDR, 1996a).  Prolonged exposure to elevated levels of benzene may also weaken the immune
system thus decreasing the body's ability to fight infection and perhaps ward off cancer.  Exposure
to benzene has also been associated with damage to the body's genetic material (chromosomes). 

Limited studies of women exposed to elevated levels of benzene, and a mix of other volatile
chemicals, in the work place suggest that such exposure may effect the reproductive organs and
perhaps impair fertility.  However, because exposure was to more than one chemical at a time, it is
not known which chemical or combination of chemicals may be responsible for the health effects
noted.  The impact of such exposure on a developing human fetus is not known. 

Ingested benzene is also rapidly absorbed into the blood stream.  Ingestion of food and/or drink
containing high levels of benzene may result in vomiting, stomach irritation, dizziness, sleepiness,
convulsions, rapid heart rate, coma, and death (ATSDR, 1996a).  The potential health effects that
may be associated with long term consumption of foodstuffs containing lower levels of benzene have
not been identified.  However, long term experimental ingestion studies with laboratory animals have
noted damage to the blood and immune system and in some instances, result in cancer (ATSDR,
1996a).
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Dermal contact with benzene can cause skin irritation and result in redness and sores.  Benzene can
also cause eye irritation and corneal damage if it comes in contact with the eyes.

Long term experimental studies with laboratory animals ingesting food and drink with elevated levels
of benzene noted damage to the blood and immune systems and in some instances increased
incidences of cancer (ATSDR, 1996a).   Experimental studies with pregnant laboratory animals
breathing in large amounts of benzene for long periods of time have noted damage to the developing
fetus.  It is not known if human fetuses may be similarly effected.

Benzene has been classified as Class A: Known Human Carcinogen by the United States
Environmental Protection Agency and as Group 1: Human Carcinogenic by the International Agency
for Research on Cancer.

2. 1,3-Butadiene

a. Discussion
1,3-butadiene was classified as a priority compound because the annual average exceeded the

HAAS at all sites, every year.  The current Vermont HAAS for 1,3-butadiene is 0.035 ug/m3 (annual
average).  Burlington has the highest levels with annual average concentrations of 0.64 ug/m3, 0.95
ug/m3 and 0.47 ug/m3 for 1993, 1994 and 1995, respectively.  Rutland had annual average
concentrations of 0.32 ug/m3, 0.84 ug/m3 and 0.34 ug/m3 for 1993-1995.  Waterbury and Winooski
annual average concentrations were less than those in Burlington and Rutland, ranging from 0.17
ug/m3 to 0.20 ug/m3.  Underhill had the lowest concentrations, 0.11 ug/m3 in 1994 and 0.13 ug/m3

in 1995 (see Figure 4.2).  Annual average concentrations of 1,3-butadiene in urban areas range from
0.2 to 1.0 ug/m3 (EETE, 1995). Although 1,3-butadiene concentrations were below the detection
limit for 41% of the samples collected, non-detects are not a significant issue for 1,3-butadiene.  An
examination of the low mean (calculated by entering a zero for all non-detects) shows that the low
mean exceeds the state standard for every site, every year, except Underhill 1995. 

The primary source of 1,3-butadiene is motor vehicles.  1,3-Butadiene is formed in vehicle exhaust
due to incomplete combustion of fuel (EETE, 1995).  Other sources of 1,3-butadiene are waste
incinerators and wood fires (ATSDR, 1992).   The 1,3-butadiene concentrations observed appear to
be locally generated as the concentrations are highest in the urban areas of Burlington and Rutland
with levels decreasing as the sites become more rural.  1,3-Butadiene has a short atmospheric half-life
of 4-6 hours (Kao, 1994), which also indicates that observed levels are locally generated, as opposed
to transported from outside the state.         
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Figure 4.2-Annual average ambient air concentrations of 1,3-
butadiene in micrograms per cubic meter (ug/m3) at Vermont
Monitoring Sites from 1993 to 1995.  The Hazardous
Ambient Air Standard (HAAS) is .035 ug/m3. See section
IV.A.2.   

 b. Limitations and Uncertainties 
There are no significant uncertainties associated with non-detect values and the HAAS in

relation to the standard for 1,3-butadiene.  The compound has an average percent non-detect of 41%
but, as the low mean consistently exceeds the standard, the non-detects are not significant in relation
to the standard.  The HAAS (0.035 ug/m3) is less than the detection limits (0.15 ug/m3 and 0.33
ug/m3) for 1,3-butadiene but, because the compound is generally above the detection limit, this is not
significant.  The relative contribution of the various sources of 1,3-butadiene is not known.  

c. Implications of Revised Standard
The proposed revised standard for 1,3-butadiene will decrease from .035 ug/m3  to 0.0019

ug/m3.  At this lower standard, the ambient concentrations will continue to exceed the revised
standard unless measures are taken to reduce emissions. As stated above, the primary source of 
1,3-butadiene is motor vehicles.  1,3-Butadiene is formed in vehicle exhaust due to incomplete
combustion of fuel.  Other sources of 1,3-butadiene are waste incinerators and wood fires.   

d. Health Concerns
The primary way 1,3-butadiene may enter the body is by inhalation of contaminated air into

the lungs.  Due to a lack of adequate human epidemiologic data with respect to this compound, much
of what we know about 1,3-butadiene has been obtained from experimental studies of very high
exposures with laboratory animals.  Some of the information is helpful in estimating how this chemical
may behave in humans.  For example, although no studies are currently available as to how much of
the 1,3-butadiene vapors inhaled into the lungs by humans is actually absorbed into the blood stream,
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experimental studies with laboratory animals have noted rapid absorption of such vapors from the
lungs into the blood (ATSDR, 1992).  Once in the blood stream, the absorbed compound can be
distributed throughout the body (whether it be the body of a laboratory animal or a human).  Animal
studies also indicate that absorbed 1,3-butadiene may be broken down into other compounds
(metabolites) which leave the body through the urine and in air exhaled from the lungs (ATSDR,
1992).

It is known that brief inhalation of elevated levels of 1,3-butadiene by humans can irritate the eyes,
nose and throat.  Such exposures can also damage the central nervous system, cause blurred vision,
nausea, fatigue, headache, decreased blood pressure and pulse rate and unconsciousness (ATSDR,
1992).  It is believed that inhalation of very high levels of this compound could produce symptoms
such as drunkenness, unconsciousness or in very extreme instances, death (ATSDR, 1992).
Fortunately, no human exposure to such high levels has been reported to date.

Increased incidence of heart disease, lung disease, blood disease and cancer have been noted in
studies of workers who have inhaled low levels of 1,3-butadiene, in a mix of other volatile chemicals,
for long periods of time (ATSDR, 1992).  Because exposure was to more than one chemical at a
time, it is not known which chemical or combination of chemicals may be responsible for the health
effects noted.  

Dermal contact with 1,3-butadiene can cause skin irritation and frostbite in humans (ATSDR, 1992).
No information is available on potential health effects in humans from ingestion of food and/or drink
that may contain low levels of 1,3-butadiene.  

Experimental studies with laboratory animals exposed to high levels of 1,3-butadiene vapors for even
short periods of time has resulted in damage to blood producing organs, nasal tissues and at extreme
levels, death.  Increased birth defects were noted in pups of laboratory rodents that had been exposed
to elevated levels of 1,3-butadiene vapors during pregnancy.  Kidney, liver, lung and reproductive
organ damage have been noted in lab rodents experimentally exposed to low levels of 1,3-butadiene
vapors for long periods of time.  Long term exposure to even small amounts of this compound in the
air has resulted in cancers in laboratory rodents (ATSDR, 1992).  No information is available on
potential health effects in laboratory animals from ingestion of food and/or water containing 1,3-
butadiene. 

1,3-Butadiene has been classified as Class B2: Probable Human Carcinogen by the United States
Environmental Protection Agency and as a Group 2A: Probable Human Carcinogen by the
International Agency for Research on Cancer.

3. Carbon Tetrachloride

a. Discussion
 Carbon tetrachloride was selected as a priority compound because it exceeded the standard
at all sites, every year.  The current HAAS for carbon tetrachloride is 0.067 ug/m3 (annual average).
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Annual average concentrations of carbon tetrachloride range from a high of  0.71 ug/m3 (Burlington,
1994 and Winooski 1994) to a low of  0.48 ug/m3 (Waterbury, 1993)(see Figure 4.3).  The
transported ambient air levels are believed to be about 0.1 ppb (0.6 ug/m3) around the world and 0.2-
0.6 ppb (1 to 4 ug/m3) in cities (ATSDR, 1994).   Carbon tetrachloride concentrations were below
the detection limit in 15% of the samples collected.  The low means were all greater than the
standard. 

Carbon tetrachloride in the atmosphere in Vermont is probably due to transported pollution.  The
compound was used extensively in degreasers, cleaning fluids and fire extinguishers until it was
withdrawn from the market in the 1960s (ATSDR, 1994). Carbon tetrachloride is still used as a
refrigerant and an aerosol propellant but, these uses are being phased out (ATSDR, 1994).  Carbon
tetrachloride appears to be a regional or transported pollutant as the concentrations do not vary
significantly from urban sites to rural sites.  The atmospheric half life of carbon tetrachloride is 50-100
years (Kao, 1994), indicating that it will take a long time for current concentrations to decrease.

Figure 4.3-Annual average ambient air concentrations of
carbon tetrachloride in micrograms per cubic meter (ug/m3) at
Vermont Monitoring Sites from 1993 to 1995.  The
Hazardous Ambient Air Standard (HAAS)  is .067 ug/m3. See
section IV.A.3.   

b. Limitations and Uncertainties
There are no uncertainties associated with the detection limit for carbon tetrachloride.  The

percent non-detect is low (15%) and the low means all exceed the standard.  

c. Implications of Revised Standard
Since the proposed revised standard for carbon tetrachloride will remain the same at .07

ug/m3, emissions will probably continue to exceed the revised standard. As stated above, carbon
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tetrachloride in the atmosphere in Vermont is probably due to transported pollution.

d. Health  concerns:
Carbon tetrachloride enters the body through the lungs, stomach, intestines and skin. About

60% of the carbon tetrachloride inhaled by humans is believed to be absorbed into the body.  It is not
known whether this relationship is applicable to low level exposures such as is found in the ambient
air.

Most of the inhaled carbon tetrachloride that enters the body is temporarily accumulated in body fat.
 Some of the carbon tetrachloride can enter the kidney, liver, brain, lungs and skeletal muscle. Once
it is transported to the liver by the blood it is transformed through metabolic processes to the toxic
form.  Because of this biotransformation in the body, toxic responses to carbon tetrachloride can be
severely increased by drugs and chemicals.  Chemical interactions between carbon tetrachloride and
alcohol can be fatal. 

Much of the carbon tetrachloride that enters the body through inhalation quickly leaves the body
through exhaled air. Animal studies also suggest that it may take weeks for the remainder of the
compound in the body to be eliminated, especially that which has entered the body fat. Although most
of the carbon tetrachloride is eliminated from the body unchanged, some may change to other
chemicals (for example, chloroform, hexachloroethane, and carbon dioxide). Chloroform and
hexachloroethane may themselves cause harmful effects (ATSDR, 1994).

Most of the information on health effects of carbon tetrachloride in humans comes from cases where
people have been exposed to relatively high levels of carbon tetrachloride, either only once or for a
short period of time. Exposure to carbon tetrachloride in the environment may produce effects on the
liver, kidney and  brain.  In severe cases, liver cells may be damaged or destroyed, leading to a
decrease in liver function. Kidney failure often was the main cause of death in people who died after
very high exposure to carbon tetrachloride. After exposure to high levels of carbon tetrachloride, the
nervous system, including the brain, is affected. Such exposure can be fatal. The immediate effects
are usually signs of intoxication, including headache, dizziness, and sleepiness perhaps accompanied
by nausea and vomiting. In severe cases, stupor or even coma can result, and permanent damage to
nerve cells can occur.   In animals, the compound has produced cancer in various organs. The effects
of carbon tetrachloride are reversible over periods of several days to a week or more.  Repeated
exposures would be expected to increase the toxicity experienced over a short term.  Therefore,
children, the elderly, and persons with liver or kidney disease are especially at risk from exposures.

Carbon tetrachloride is also found in drinking water supplies and household products.  The effects
of these multiple exposures would be additive to that found in the air and may be greater.

Carbon tetrachloride has been classified as Class B2: Probable Human Carcinogen by the United
States Environmental Protection Agency and as a Group 2B: Possible Human Carcinogen by the
International Agency for Research on Cancer.
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4.  Chloroform

a. Discussion
 Chloroform was selected as a priority compound because the concentration exceeds the
standard at every site, every year.  The current HAAS for chloroform is 0.043 ug/m3 (annual average).
 Annual average concentrations range from a high of 0.22 ug/m3 (Burlington 1995) to a low of 0.13
ug/m3 (Burlington, 1993)(see Figure 4.4).  Chloroform has an average percent non-detect of 90%.
This may be significant as the low means do not exceed the standard for 7 out of 12 data sets.  

The amount of chloroform normally expected to be present in air ranges from 0.02 to 0.05 ppb (0.1
to 0.2 ug/m3). Chloroform has been found in the air from all areas of the United States. Sources of
chloroform in the atmosphere are pulp and paper mills and water and wastewater plants that use
chlorine as a disinfectant (ATSDR, 1995). Chloroform appears to be a transported pollutant.  The
concentrations do not vary significantly from urban to rural sites and the compound has an
atmospheric half life of 2-3 months (Kao, 1994).

Figure 4.4-Annual average ambient air concentrations of
chloroform in micrograms per cubic meter (ug/m3) at Vermont
Monitoring Sites from 1993 to 1995.  The Hazardous
Ambient Air Standard (HAAS)  is .043 ug/m3. See section
IV.A.4.   

b. Limitations and Uncertainties
There is uncertainty regarding the actual ambient concentration of chloroform in Vermont due

to the high percentage of non-detect values (90%).  The HAAS of 0.043 ug/m3 is significantly less
than the current detection limit of 0.29 ug/m3, making it difficult to be certain how close the ambient
concentration is to the standard.
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d. Implications of Revised Standard 
Since the proposed revised standard for chloroform will remain the same at .043 ug/m3,

emissions will probably continue to exceed the standard. The current detection limit of 0.29 ug/m3

needs to be lowered in order to determine concentrations near the standard.  As stated above,
chloroform appears to be a transported pollutant since the concentrations do not vary significantly
from urban to rural sites.

c. Health concerns
One way chloroform enters the body is by inhalation of contaminated air into the lungs.

Chloroform is absorbed readily into the body when inhaled. Chloroform can quickly enter the blood
stream from the lungs or intestines. Once in the blood, it is carried to all parts of the body, such as
the liver or kidneys. Chloroform usually collects in body fat and is metabolized in the kidney and
excreted through the lungs (unchanged) or through the urine and feces. Some of the chloroform that
enters the body is broken down into other chemicals.  These chemicals, or breakdown products, can
attach to other chemicals inside the cells of the body and may cause harmful effects if they collect in
high enough amounts in the body.  Some of the breakdown products can also leave the body through
exhaled air.  Only a small amount of the breakdown products leaves the body in the urine or feces
(ATSDR, 1995).  

Exposure to chloroform in the environment from the ambient air is a health concern because of a
potential to induce cancer from chronic exposure and possible additivity with other sources of
chloroform in daily life.  In humans, large amounts of inhaled chloroform can affect the central
nervous system (brain), liver, and kidneys.   At very high concentrations chloroform has been used
as an anesthetic agent in man.  This use was discontinued as safer agents became available.  Breathing
about 900 ppm (4000 ug/m3) for a short time causes fatigue, dizziness, and headache. At lesser
concentrations over a long period of time, chloroform may damage the liver and kidneys.  At lesser
concentrations chloroform has produced reproductive effects in animals such as birth defects and
abnormal sperm.  It is not known whether these effects would occur in humans.

Most chloroform in the air eventually breaks down, but this process is slow. The breakdown products
in air include phosgene, which is more toxic than chloroform, and hydrogen chloride, which is also
toxic (ATSDR, 1995).  

Studies of people who drank chlorinated water showed a possible link between chloroform formed
in the water and cancer of the colon and urinary tract.  Animals which received similar exposures for
longer periods of time developed liver and kidney tumors.

Because chloroform is absorbed rapidly and eliminated relatively slowly there is concern for chronic
and periodic exposures from ambient air.  The presence of chloroform in other media such as food
and water raises concern for multi pathway exposures.  The total dose from all sources of chloroform
would need to be taken into account when considering the health hazard.  Because the compound is
metabolized before removal from the body some persons could be more sensitive to chloroform than
the general public.  Those of particular concern would include the young, the elderly, those who are
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pregnant and those with liver disease or taking drugs that could affect the liver.

Chloroform has been classified as Class B2: Probable Human Carcinogen by the United States
Environmental Protection Agency and as a Group 2B: Possible Human Carcinogen by the
International Agency for Research on Cancer.

5.  Formaldehyde

a. Discussion
Formaldehyde was selected as a priority compound because the annual average concentrations

exceed the standard at every site, every year.  The current HAAS for formaldehyde is 0.08
ug/m3(annual average). Annual average concentrations observed in Burlington were 3.24 ug/m3

(1994) and 5.23 ug/m3 (1995).  Rutland had annual average concentrations of 2.69 ug/m3 (1994) and
5.92 ug/m3 (1995).  Annual average concentrations observed in Winooski were 1.77 ug/m3 (1994)
and 10.16 ug/m3 (1995).  Underhill showed the lowest concentrations: 0.89 ug/m3  (1994) and 1.19
ug/m3 (1995) (see Figure 4.5).  Formaldehyde was detectable in 100% of the samples collected. 

Formaldehyde has numerous atmospheric sources.  The compound is a byproduct of combustion,
which covers a wide range of sources from internal combustion engines to wood stoves.
Formaldehyde is also generated by wood processing plants and glues (EHC, 1997).  Formaldehyde
is produced by the atmospheric reactions of other pollutants, including 1,3-butadiene (EETE, 1995).
Formaldehyde in Vermont follows the locally generated pattern.  Concentrations are highest in urban
sites and decrease at rural locations (except for Winooski 1995).  The atmospheric half life of
formaldehyde is short, 4-10 hours (Kao, 1994).

                                                     
Figure 4.5-Annual average ambient air concentrations of
formaldehyde in micrograms per cubic meter (ug/m3) at
Vermont Monitoring Sites from 1994 and 1995.  The
Hazardous Ambient Air Standard (HAAS)  is .08 ug/m3. See
section IV.A.5.   
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b. Limitations and Uncertainties
Formaldehyde levels were always above the detection limit, eliminating any uncertainty

regarding non-detects.  The proportionate contribution of the various sources of formaldehyde is not
known.  

c. Implications of Revised Standard   
Since the proposed revised standard for formaldehyde will remain unchanged at 0.078 ug/m3,

the ambient data will most likely continue to exceed the standard unless measures are taken to reduce
emissions. As stated above, formaldehyde has numerous atmospheric sources including combustion
sources, wood processing plants and glues.  In addition, formaldehyde is produced by the atmospheric
reactions of other pollutants, including 1,3-butadiene.

d. Health Concerns
The primary way formaldehyde may enter the body is by inhalation of contaminated air.

Experimental studies indicate that most of the formaldehyde inhaled into the lungs is rapidly broken
down into other compounds (metabolized) at the site of contact and quickly absorbed into the body
through the lining of the nose or from the upper part of the lungs (ATSDR, 1997).  Due to this rapid
local metabolism, inhalation exposure to even moderately high ambient concentrations of this
compound has not been found to effect the amount of formaldehyde present in the blood.  In fact,
rapid local metabolism is why "... little if any intact formaldehyde can be found in the blood..." at any
time (ATSDR, 1997).  Rapid local metabolism also results in toxicity primarily at the site of contact.

Formaldehyde is a normal metabolic product of animal cell metabolism.  Thus, almost all the tissues
in the body are able to metabolize this compound.  Formaldehyde is primarily metabolized to formate
which can be incorporated into other essential molecules or pass from the body in the urine or be
further metabolized to carbon dioxide which leaves the body in exhaled air.  If metabolism to formate
is inhibited or the metabolic mechanism overloaded, internal levels of formaldehyde may increase to
the point where it can form bonds between proteins or between proteins and deoxyribonucleic acid
(DNA).  Formaldehyde and formate are both part of routine animal cell metabolic processes and
neither is stored to any extent in the body (ATSDR, 1997).  

Inhalation of ambient levels of formaldehyde vapors between .4 and 3 ppm (490 ug/m3  to 3700
ug/m3), even for short periods of time, can irritate the eyes, nose, and throat and cause increased
tearing and itching.  Upper respiratory tract symptoms are believed to predominate because rapid
local metabolism may prevent much formaldehyde from reaching the lower respiratory tract (ATSDR,
1997).  Some studies indicate that long-term exposure to similar levels might adversely impact
respiratory function while other studies do not support this contention.  Short-term exposure to very
high ambient levels may result in coughing wheezing, chest pains and bronchitis. 

Some people are known to be more sensitive to formaldehyde than others and repeated exposure,
including via inhalation of vapors, is believed to cause an increase in sensitivity in some individuals.
Although one large study suggests that those with asthma may be particularly sensitive to
formaldehyde vapors, many other studies have not made this finding.
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Experimental studies with laboratory rats have found that long-term inhalation of highly elevated
ambient levels of formaldehyde can cause nasal cancer (squamous cell carcinoma) in the rats.  There
is limited evidence that long-term inhalation of low levels of this compound might be associated with
an increase in cancer in humans (ATSDR, 1997).

Formaldehyde has been shown to be a contact irritant, regardless of the route of exposure.  Limited
studies indicate that formaldehyde is rapidly absorbed from the gastrointestinal tract and meets the
same metabolic fate as inhaled formaldehyde vapors (ATSDR, 1997).  Ingestion of elevated amounts
of this compound can irritate the mouth, esophagus and gastric mucosa (ATSDR, 19997).  Lesions
of the gastric mucosa have been noted in laboratory animals experimentally exposed to formaldehyde
in drinking water for various periods of time.  Human consumption of very large amounts of
formaldehyde (i.e., suicide attempts) can result in severe abdominal pain, acidosis, central nervous
system depression, coma and death (ATSDR, 1997).

Two studies indicate that an increase in the amount of formaldehyde in the diet of some milk
producing animals such as cows, sheep and goats, can increase the amount of formaldehyde present
in the milk produced.  The reason for this is not clear.  However, it is postulated that perhaps
fundamental differences exist between the way humans and ruminants metabolize formaldehyde. 

Although very small amounts of formaldehyde can be absorbed into the body through intact skin,
dermal contact with this compound can result in sensitization.  Dermal contact with liquid
formaldehyde can irritate the skin.  Allergic reactions of the skin and in extreme cases, anaphylaxis
are reported in the literature (ATSDR, 1997).

Formaldehyde has been classified as Class B1: Probable Human Carcinogen by the United States
Environmental Protection Agency and as a Group 2A: Probable Human Carcinogen by the
International Agency for Research on Cancer.

6.  Methyl Chloride

a. Discussion
Methyl chloride was selected as a priority compound because the annual average

concentration exceeds the standard at every site, every year.  The current HAAS for methyl chloride
is 0.01 ug/m3 (annual average). Annual average concentrations range from a high of 1.39 ug/m3

(Burlington, 1994) to a low of 1.04 ug/m3 (Rutland, 1995)(see Figure 4.6).  Methyl chloride has an
average percent non-detect of 7%.  Non-detects are not significant in relation to the standard as the
low means all exceed the standard at every site, every year. 

Outside air contains less than 0.001 ppm (2 ug/m3) and city air contains up to 0.001 ppm methyl
chloride. These levels are much lower than the levels shown to have toxic effects . Methyl chloride
is naturally released into the atmosphere from oceans and biomass, producing low ambient
concentrations. Other sources of methyl chloride are wood burning and chlorinated swimming pools.
The methyl chloride in the outdoor environment, however, is almost totally from natural sources
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(ATSDR, 1990a).  Methyl chloride appears to be a transported pollutant.  The variation in
concentrations between urban and rural sites is not significant and the atmospheric half life is fairly
long: 1-2 years (Kao, 1994).

Figure 4.6-Annual average ambient air concentrations of
methyl chloride in micrograms per cubic meter (ug/m3) at
Vermont Monitoring Sites from 1993 to 1995.  The
Hazardous Ambient Air Standard (HAAS)  is 0.01 ug/m3. See
section IV.A.6.   

b Limitations and Uncertainties
The methyl chloride data is not significantly affected by non-detects (7% non-detect).

Although the HAAS is less than the detection limit, ambient concentrations are generally well above
both the standard and the detection limit.

d. Implications of Revised Standard
Even though the proposed revised HAAS for methyl chloride will increase from 0.01 ug/m3

to 0.56 ug/m3, the ambient data still exceeds the proposed revised standard at all sites, every year. As
stated above, methyl chloride appears to be a transported pollutant.

e. Health Concerns
Methyl chloride enters the body by inhalation of contaminated air into the lungs and by

swallowing contaminated water into the digestive tract. Methyl chloride is rapidly absorbed from the
air and from drinking water.  It is taken up by the blood and breakdown products are distributed to
the liver, brain and kidneys.  A small part of the methyl chloride leaves through the lungs with the
remainder changed to other breakdown products and removed through the urine.  This removal may
take from a few hours to several days.  
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Exposure to methyl chloride in the environment may produce effects on the nervous system and
reproductive systems. Exposure to methyl chloride can also harm the liver and kidney, or have an
effect on the heart rate and blood pressure (ATSDR, 1990a).   Exposures to very high levels of
methyl chloride in homes occurred in the past when the chemical was used as a refrigerant.  These
exposures which were frequently fatal show how the chemical is taken up into the body and
metabolized but are not predictive of the effects of the lower level exposures found in the ambient
air.  Animal studies at lower levels (one hundred thousand to one million times higher than
background levels) over a long period of time (weeks to months) have demonstrated effects on
growth, reproduction and fetal development.  Male mice that breathed air containing methyl chloride
(one million ppb, two million ug/m3) for 2 years developed tumors in the kidneys, but female mice
and male and female rats did not develop tumors (ATSDR, 1990a).  

Because the compound is metabolized prior to removal from the body and because the metabolites
may be toxic to the brain or kidney it is necessary to consider sensitive populations.  Such concern
would include the elderly, the young, especially with respect to development, and the chronically ill
with liver or kidney disease.

Because there are other sources of exposure such as water it is necessary to consider potential for
cumulative exposures.

Methyl chloride has been classified as Class C: Possible Human Carcinogen based on limited evidence
of carcinogenicity in animals by the United States Environmental Protection Agency and as a Group
3: Not classifiable due to limited human or animal data by the International Agency for Research on
Cancer.

7.  Methylene Chloride

a. Discussion
Methylene chloride was selected as a priority compound because the annual average

concentration exceeds the standard at some sites, some years.  The current HAAS for methylene
chloride is 2.0 ug/m3  (annual average).  Annual average concentrations observed in Burlington were
1.80 ug/m3 in 1993, 7.79 ug/m3 in 1994 and 5.20 ug/m3 in 1995.  Rutland showed levels in the same
range, 1.82 ug/m3 in 1993, 8.41 ug/m3 in 1994 and 3.66 ug/m3 in 1995.  Annual average
concentrations observed in Winooski were 6.75 ug/m3 in 1994 and 2.08 ug/m3 in 1995.  Waterbury
had annual average concentrations of 3.19 ug/m3 in 1993 and 3.66 ug/m3 in 1994.  Annual average
concentrations observed in Underhill were 4.74 ug/m3 in 1994 and 1.95  ug/m3 in 1995 (see Figure
4.7).  Methylene chloride in US urban air was typically 6.7 ug/m3 (ATSDR, 1993).  Methylene
chloride concentrations were below the detection limit in 18% of the samples collected.

Methylene chloride comes from both transported and locally generated sources.  Local sources are
regulated industrial sources and area sources.  Area sources include businesses where methylene
chloride is used as a general solvent such as garages and the compound is also found in spray cans
and furniture strippers (ATSDR, 1993a).  Methylene chloride has a fairly long atmospheric half life,
3-4 months (Kao, 1994), indicating the fairly long persistence typical of transported pollutants.
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Figure 4.7-Annual average ambient air concentrations of
methylene chloride in micrograms per cubic meter (ug/m3) at
Vermont Monitoring Sites from 1993 to 1995.  The
Hazardous Ambient Air Standard (HAAS)  is 2.0 ug/m3. See
section IV.A.7.

b. Limitations and Uncertainties
Methylene chloride was detected in over 80% of the samples collected, limiting uncertainty

regarding non-detects.  The compound has numerous sources and the proportionate contribution of
each to the ambient concentration is not known.

c. Implications of Revised Standard
Since the proposed revised HAAS for methylene chloride will remain the same at 2.0 ug/m3,

ambient air concentrations will continue to exceed the standard unless measures are implemented to
reduce the emissions. As stated above, methylene chloride comes from both transported and locally
generated sources.  Local sources include industrial sources and area sources such as garages where
methylene chloride is used as a general solvent. The compound is also found in spray cans and
furniture strippers.  

d. Health Concerns
The primary way methylene chloride may enter the body is by inhalation of contaminated air

into the lungs.  Inhaled methylene chloride vapors are rapidly absorbed into the blood stream from
the lungs.  The amount absorbed and retained by the body is influenced by the amount of chemical
in the air, how long a person is exposed, the amount of body fat a person has and the degree of
physical activity while being exposed (EM, 1995).

Studies indicate that approximately seventy percent of methylene chloride vapors inhaled into human
lungs are rapidly absorbed into the bloodstream and distributed throughout the body primarily to the
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liver, brain and fat tissue.  Lesser amounts are distributed to the kidneys and lungs (ATSDR, 1993;
EM, 1995).  At a certain point, the blood can become saturated with methylene chloride.  Thus, even
if the concentration of chemical in the air increases, the concentration of chemical in the blood has
leveled off (plateaued) (ATSDR, 1993; EM, 1995). 

Once in the body, methylene chloride may be broken down into other compounds (metabolites).  This
occurs in primarily the liver and to a lesser extent in the kidney and lungs (EM, 1995).  Two different
sets of break down products may be formed in the liver: at low levels of exposure mostly carbon
dioxide and carbon monoxide are formed; at higher levels of exposure formaldehyde and formic acid
are also formed (EM, 1995).

Methylene chloride is very fat soluble and may temporarily be stored in the liver, brain and fat tissue.
Accumulated (stored) methylene chloride may be re-released to the blood stream over a period of
several hours.  This can cause internal exposure to methylene chloride and its metabolites to continue
for a few hours even after a person has stopped breathing contaminated air. 

About half of the methylene chloride vapors absorbed from the lungs into the blood leave the body
within an hour after exposure has stopped.  The majority of both unchanged methylene chloride and
its metabolites leave the body in air exhaled from the lungs.  At low levels of exposure, more of the
methylene chloride vapors absorbed are metabolized and are exhaled as carbon monoxide (EM,
1995).  At greater levels of exposure, more of the unchanged methylene chloride itself is exhaled.
A small percentage of unchanged methylene chloride and its metabolites pass from the body in the
urine and feces (EM, 1995).  Total elimination from the body usually occurs within 48 hours after
exposure has stopped (ATSDR, 1993).
             
Short term inhalation of large amounts of methylene chloride is reported to depress the central
nervous system.  The level of methylene chloride vapors in the air as well as the length of time one
is exposed influence the severity of the effects experienced.  Brief inhalation of greater than 8,000
ppm (2x108 ug/m3) has been shown to depress the central nervous system and may result in narcosis,
unconsciousness.  At extreme levels of methylene chloride between 8,000 and 20,000 ppm (8x108

ug/m3), death may result due to depression of the respiratory system (EM, 1995; ATSDR, 1993).
Inhalation of between 300 and 800 ppm (7x106 to 20x106 ug/m3) can interfere with psychomotor
function and cause dizziness, nausea, tingling and numbness of the fingers and toes, and a feeling of
drunkenness (EM 1995, ATSDR, 1993).  Vision and hearing may be impaired at the lower end of this
range (EM, 1995; ATSDR, 1993).  

In many cases, recovery from the central nervous system effects associated with short term exposure
to moderate levels of methylene chloride vapors may occur once a person begins to breath fresh air
again.  These effects are believed to be due to the action of either methylene chloride or methylene
chloride and carbon monoxide in combination, not carbon monoxide alone (EM, 1995).    

Exposure to elevated levels of methylene chloride may be particularly worrisome for pregnant women
because it is believed the carbon monoxide produced when methylene chloride is metabolized could
potentially effect a developing fetus.  Increased exposure to carbon monoxide may also be harmful
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to those people with existing coronary artery disease.  Their risk would be increased even further by
exercising while inhaling methylene chloride vapors.  People with already elevated levels of carbon
monoxide in their blood, such as smokers and those who work with internal combustion engines, may
also be at increased risk of developing adverse health effects due to methylene chloride exposure.

Exposure to methylene chloride in the air may also irritate the mucous membranes of the eyes, nose
and throat.   

Potential health effects that may be associated with long term inhalation of elevated levels of
methylene chloride vapors have not been fully identified.  However, limited studies of workers
exposed to elevated levels of methylene chloride vapors, in a mix of other volatile organic
compounds, have noted increased incidence of liver, biliary tract and pancreatic cancers.  However,
it is unknown what role methylene chloride itself may play in these effects.  Long term inhalation of
low levels of this compound are believed to be associated with some mild liver effects in humans
(EM, 1995).  

Low levels of methylene chloride are found in chlorinated drinking water, spice extracts and
decaffeinated coffee.  Health effects that may be associated with long term ingestion of such low
levels have not been identified (EM, 1995).

Prolonged dermal contact with methylene chloride may cause skin irritation and in extreme instances,
chemical burns.

Experimental studies with laboratory animals inhaling very high levels of methylene chloride for very
long periods of time have noted increased incidence of noncancerous mammary tumors and cancerous
lung and liver tumors.  However, it is known that at least one of the species tested processes
methylene chloride differently than humans.

Methylene chloride has been classified as Class B2: Probable Human Carcinogen by the United States
Environmental Protection Agency and as a Group 2B: Possible Human Carcinogen by the
International Agency for Research on Cancer.

8.  Tetrachloroethylene
 
a. Discussion

Tetrachloroethylene was selected as a priority compound because it has exceeded the
standard, although rarely.  The current HAAS for tetrachloroethylene is 0.41 ug/m3 (annual average).
The highest annual average concentration was 0.62 ug/m3, observed in Burlington in 1994.  The other
sites/years had annual averages that ranged from 0.10 ug/m3 to 0.24 ug/m3.  The highest levels were
observed at the urban sites, Burlington and Rutland (0.17-0.62 ug/m3).  Winooski and Waterbury
showed lower concentrations (0.10-0.20 ug/m3) and Underhill had the lowest concentrations (0.12-
0.13 ug/m3)(see Figure 4.8).  Tetrachloroethylene concentrations were below the detection limit in
80% of the samples.   
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Sources of tetrachloroethylene are local area and point sources.  Tetrachloroethylene is used in many
industries as a general solvent.  The compound is used extensively in dry cleaning and is also
produced by waste incinerators (ATSDR, 1993b).  Tetrachloroethylene concentrations are highest
at urban sites and decrease at rural sites, indicating that the compound is locally generated.  The
atmospheric half life is 70-100 days (Kao, 1994).        

Figure 4.8-Annual average ambient air concentrations of
tetrachloroethylene in micrograms per cubic meter (ug/m3) at
Vermont Monitoring Sites from 1993 to 1995.  The
Hazardous Ambient Air Standard (HAAS)  is .41 ug/m3. See
section IV.A.8.

b. Limitations and Uncertainties
The percentage of non-detect values for tetrachloroethylene is fairly high, 80%, creating some

uncertainty as to the true ambient concentration.  Examination of the low means show only the
Burlington 1994 data set exceeding the standard.    

c. Implications of Revised Standard
Since the revised standard for tetrachloroethylene will increase from .41 ug/m3 to 1.8 ug/m3,

the air concentration will no longer exceed the proposed revised standard, and therefore the
compound should be removed from the priority list.

d. Health Concerns
One way tetrachloroethylene (perc) may enter the body is by inhalation of contaminated air

into the lungs.  Although this compound is rapidly absorbed by the lungs, the amount that is absorbed
from the lungs into the bloodstream is influenced by how quickly a person is breathing (inhalation
rate), the amount of chemical in the air, how long the person is exposed, the person's body mass and
degree of physical activity while being exposed (NYS 1996; ATSDR, 1996b).  
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Studies with human volunteers indicate that absorption of tetrachloroethylene vapors from the air
across the lungs may be greatest during the first few minutes of exposure.  Perc absorbed into the
blood stream is transported throughout the body and may be temporarily stored (accumulated) in fat
tissue and slowly re-released to the blood stream over a period of several days.  Absorbed perc can
cross the blood-brain and placental-fetus barriers and has been found in fat rich tissues such as the
brain, liver and breast milk (NYS, 1996). 

The majority of perc absorbed from the lungs into the blood stream leaves the body unchanged in air
exhaled from the lungs (EM, 1995).  A small percentage of perc that is absorbed into the blood
stream is broken down into other compounds (metabolites) in the liver (EM, 1995; ATSDR, 1996b).
One metabolite in particular, trichloroacetic acid, is thought to be associated with some of the adverse
health effects noted with prolonged inhalation of elevated levels of perc (ATSDR, 1996b). These
metabolites leave the body in the urine.  Experimental studies indicate that, once exposure has
stopped, total elimination from the body may take a few days to a few weeks, depending on the
amount of perc that has accumulated in body tissues.  

Brief inhalation of large amounts of tetrachloroethylene can adversely effect the central nervous
system and result in dizziness, headache, sleepiness, confusion, nausea, difficulty in speaking and
walking, unconsciousness and, in extreme instances, death (ATSDR, 1996b).  The mucous lining of
the eyes, nose and throat may also become irritated (EM, 1995).  

Recovery from the adverse central nervous system effects associated with inhalation exposure to perc
vapors, in some cases even moderate term exposures, is possible once exposure has stopped (EM,
1995).   However, the potential effects of long-term inhalation of relatively low levels of perc vapors
are not currently known (ATSDR, 1996b).  

Some liver and kidney effects may be associated with inhalation of elevated levels of perc.  One
instance of a reversible adverse cardiac effect associated with inhalation of tetrachloroethylene vapors
is noted in the literature.

Limited studies of women exposed to elevated levels of perc in the work place, in a mix of other
volatile chemicals, indicate that such exposure may effect the reproductive system and perhaps be
related to an increased risk of spontaneous abortion (miscarriage) (ATSDR, 1996b).   Because
exposure was to more than one chemical at a time, it is not known which chemical or combination
of chemicals may be responsible for the health effects noted.

Repeated or prolonged dermal contact with perc can cause skin irritation (ATSDR, 1996b).  Potential
health effects that may be associated with long term consumption of food and/or drink containing low
levels of tetrachloroethylene are not known (ATSDR, 1996b).

Long term experimental studies with laboratory animals exposed to very high levels of perc vapors
have noted skin, liver, kidney, cardiac effects and in some cases liver and kidney cancer.  Not all such
effects have been noted in people who have been exposed to tetrachloroethylene at much lower
levels.  
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Tetrachloroethylene has been classified as Group 2A: Probably Carcinogenic to Humans by the
International Agency for Research on Cancer and is generally considered to be an animal carcinogen
and probable human carcinogen by the United States Environmental Agency.  

B. Category II 

1.  Mercury

a. Discussion
Mercury was selected as a priority compound due to concerns surrounding this contaminant

on the state and national level.  The compound bioaccumulates in the environment and there are
multiple pathways for exposure.  The current HAAS for mercury is 0.12 ug/m3 (annual average).
Mercury has been monitored at the Underhill site since December 1992 by the University of Vermont.
Annual average mercury vapor concentrations range from a high of 0.00183 ug/m3 in 1993 to a low
of 0.00157 ug/m3 in 1994. 

Sources of mercury include both transported and local emissions.  Waste incineration is a local source
of atmospheric mercury.

b. Implications of Revised Standard
Even though the revised standard for mercury will increase from .12 ug/m3 to  0.3 ug/m3 and

current ambient air concentrations are below the proposed revised standard, concerns of mercury
being deposited to the environment from the atmosphere and accumulating in lake sediments may
need to be reflected in the ambient standard.

c. Health Concerns
Prolonged exposures to relatively high concentrations of mercury in the air produces

damage to the nervous system and kidney, but rarely produce a fatal injury. However, accidental
oral exposures have caused death (WHO, 1990; ATSDR ,1993c).   The presence of mercury in
the environment at lower levels also produces potential for human exposure directly through
breathing mercury and indirectly through ingestion of fish contaminated with methyl mercury. 
Methyl mercury is about five times more dangerous than the inorganic and metallic forms of
mercury (Casarett and Doull, 1990).  Toxic actions of methyl mercury and mercury are different
and should be considered separately.

I Elemental mercury.   Inhalation of moderate levels of mercury for prolonged periods of time
produces unique effects on the central nervous system and the kidney.  The chemical form of mercury
is important in the determination of the actual toxic effect (Casarett and Doull, 1990; ATSDR,
1993c).  For example, elemental mercury is highly charged and does not readily pass through the
blood brain barrier but directly reaches the kidney. Therefore, elemental mercury is more toxic to the
kidney than the brain.  Metallic mercury and organic forms of mercury pass easily through the
protective blood brain barrier and may cause brain damage as well as kidney damage (ATSDR,
1993c). Once mercury enters the body it is retained in the kidney, brain, liver and the fetus.  It may
stay in the body for several months.  When mercury is eliminated from the body it appears in the
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breath, urine, feces, milk and hair. Different organs accumulate and retain mercury at different rates,
with the brain and the kidney retaining mercury for periods of months to years.  Enzymatic processes
in the body transform mercury to the inorganic or metallic form.

Toxic effects of mercury are found in the brain, kidney, skin and liver.  At low exposures the toxic
effects of mercury are found mainly in the brain.  The effects are much more serious in the infant
and the fetus because of interference with development of the motor and cognitive functions
(ATSDR, 1993c; Casarett and Doull, 1990).   There is a latent period between the exposures to
mercury and the onset of effects of the poisoning.  This delay complicates the diagnosis of the
damage and the implementation of the treatment (Clarkson,1992).

At first, low concentrations of mercury seem to have no health effects but signs of toxicity become
noticeable with continued exposures (ATSDR 1993c).  Toxic signs include loss of feeling or burning
sensations in the legs, paralysis, congenital malformations,  kidney toxicity and, on rare occasions,
death.

Environmental exposures do not produce the more severe effects but subtle toxic effects are possible,
especially in the fetus.  These changes would not be apparent in the newborn but would become
apparent after later development of motor functions such as walking (Casarett and Doull 1990). 
Unsteadiness and tremors may develop after long periods of exposure.  Psychological effects such
as insomnia, loss of appetite, shyness, emotional instability and memory loss are also reported in the
literature.  These actions are partially reversible with termination of exposures to mercury. Cancer
is not a significant component of mercury toxicity (ATSDR, 1993c).

While the toxicity of mercury itself is an important concern, the toxic effects of methyl mercury are
dangerous because of the higher potency of methyl mercury and its effects on development of the
fetal brain.

The occupational safety and health Administration has set a limit of 50 ug/m3 for metallic mercury
in the work place. EPA has set limits for inorganic mercury in drinking water and surface water.

II.  Methyl mercury.   Human health effects of methyl mercury nearly all involve the ingestion of
methyl mercury in fish, or, in one case in grain (Spyker Cranmer J., 1996).  Methyl mercury in
food is nearly all absorbed into the body and distributed throughout the body to the brain and
fetus.  Mercury absorbed into the blood stream may be metabolized to the inorganic forms in the
liver and removed from the body or reabsorbed from the intestine.

Methyl mercury in the brain and the fetus can be transformed and concentrated.  Thus, when the
blood levels are decreasing overall the mercury in the brain and fetus may remain high or even
increase.  Mercury is transferred to hair where its measurement provides a historical indication of
past exposures.  Equally if not more important, methyl mercury is also excreted into the mother’s
milk where it is transferred to the nursing infant.  Damage has been found in infants and in the
fetus even when the mother has shown no toxic effects of mercury exposure.
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There is a large body of information on the toxic effects of the chronic ingestion of fish containing
methyl mercury by different populations starting before Minimata in Japan in the 1950s to present day
exposures in the Amazon river basin.  Relatively widespread human poisonings have been
documented from these episodes. The actual levels of exposures at which injury begins to occur in
the fetus, infants and children remains controversial.  The findings from chronic exposures have been
used to identify reference doses for estimating the human health hazards ( Sea Food Safety, 1991).
The reference doses from these different studies and exposures have converged on values in the 1 to
5 ug/m3 range.  Because of uncertainties in the conditions of the different exposures and in the
potential for exposure from eating fish,  there is a tendency to rely more on the lower end of the risk
of 1 ug/kg/day in fish consumption advisories.

Over 39 states have issued  fish consumption advisories to reduce the potential hazards of sport fish
high in methyl mercury. It is not certain what the actual hazard is from periodic ingestion of fish
which  have high levels of methyl mercury, therefore  public health agencies have adopted a risk
reduction strategy to limit potential exposures to mercury in the more sensitive members of the
population.

Deposition of mercury into lakes, streams and watersheds is the first step in contamination of fish
(EPA, 1996).  However the ultimate level of methyl mercury found in the fish is determined by
several factors related to the age and type of fish and the nature of other biota in the water.
Bioaccumulation appears to increase as the ecological food webs of the water body become more
complex.  Thus some ponds and lakes and rivers that appear to be pristine often have surprisingly
high levels of mercury in the fish.  Other lake which have become acidified also can have fish with
high levels of mercury.

2.  Styrene       

a. Discussion
Styrene was selected as a priority compound due to local public concern regarding the

adequacy of the current standard.  The current HAAS for styrene is 512 ug/m3 (annual average).
Ambient concentrations for individual samples range from a low of 0 (non-detect) to a high of 5.41
(Underhill, 1994). For annual average concentrations for all sites see Figure 4.9.  Styrene
concentrations were below the detection limit (currently 0.34 ug/m3) in 69% of the samples.
Concentrations of styrene in the air range from 0.3 to 64 ug/m3 in US cities. (Howard, 1989). Styrene
is proposed to be classified as a Category I contaminant.

Styrene sources include local industrial point sources and area sources such as vehicle exhaust and
auto body shops.  Styrene has a fairly short atmospheric half life, 6-7 hours (Kao, 1994), indicating
that it is probably a locally generated, rather than a transported pollutant.
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Figure 4.9-Annual average ambient air concentrations of
styrene in micrograms per cubic meter (ug/m3) at Vermont
Monitoring Sites from 1993 to 1995.  The Hazardous
Ambient Air Standard (HAAS)  is 512 ug/m3. See section
IV.B.2.

b. Limitations and Uncertainties
Styrene levels were below the detection limit in 69% of the samples collected, generating

some uncertainty as to the true ambient concentration.  The maximum concentration measured was
5.41 ug/m3 (Underhill, 1994) which is far below the standard of 512 ug/m3.  So although the true
concentration is uncertain, the ambient levels are well below the standard, making the uncertainty due
to the non-detects not significant in relation to the standard.

c. Implications of Revised Standard
Styrene is recommended to be classified as a Category I contaminant. The proposed  revised

HAAS for styrene will decrease to 100 ug/m3. Although ambient air concentrations do not exceed
the proposed revised standard, some monitoring locations may be moved to better characterize
ambient concentrations.  As stated above, styrene sources include local industrial point sources and
area sources such as vehicle exhaust and auto body shops. 
 
d. Health Concerns

The primary way styrene may enter the body is by inhalation of contaminated air into the
lungs.  Studies indicate that approximately two-thirds of the styrene inhaled into human lungs is
actually retained (ATSDR, 1991).  The majority of retained styrene is rapidly absorbed from the lungs
into the bloodstream where it can then be transported throughout the body.  

A small portion of retained styrene leaves the body unchanged through exhaled air.  The majority of
absorbed styrene is rapidly broken down into other compounds (metabolites) and leaves the body
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through the urine.  Experimental studies indicate that, once exposure has stopped, total elimination
of styrene from the body may take a few days up to a few weeks.

Short term inhalation of large amounts of styrene is reported to adversely impact the central nervous
system.  Depression, concentration problems, muscle weakness, tiredness, and nausea have been
reported in people, especially workers, who have inhaled large amounts of styrene for short periods
of time (ATSDR, 1991).  Exposure to styrene in the air may also irritate the mucous membranes of
the eyes, nose and throat.  

Some studies of female workers indicate that occupational exposure to elevated air levels of styrene,
in a mixture with other potentially hazardous chemicals, may be associated with lower birth weight
babies and an increased risk of spontaneous abortions (miscarriages) (ATSDR, 1991).  However, it
is unknown what role styrene itself may play in these effects.  

Rapid recovery from the adverse effects associated with short-term inhalation exposure to styrene
vapors has been noted.  However, the potential effects of long-term human exposure to low levels
of styrene vapors are not currently known.

Experimental studies indicate that animals are also impacted by inhalation of styrene vapors.  Changes
in the lining of the nose of experimental animals have been noted up to several weeks after exposure
has stopped.  Although long-term inhalation of high levels of styrene has been associated with adverse
liver effects in animals, this effect has not been noted in humans (ATSDR, 1991).

Scant information is available regarding adverse health effects associated with human ingestion of or
dermal contact with styrene.  Liver, kidney, blood, immune system and nervous system effects have
been noted in experimental styrene ingestion studies with laboratory animals.  Irritation of the skin
and eyes has been noted in experimental dermal studies with rabbits.

Styrene has been classified as possibly carcinogenic to humans by the International Agency for
Research on Cancer.

3.  1,2,4-Trimethyl Benzene

a. Discussion
1,2,4-Trimethyl benzene was selected as a priority compound because it always exceeds the

standard.  The current HAAS for 1,2,4-trimethyl benzene is 0.15 ug/m3 (annual average).  Burlington
showed the highest annual average concentrations: 2.15 ug/m3 in 1993, 2.80 ug/m3 in 1994 and 2.11
ug/m3 in 1995.  Rutland had annual average values of 1.20 ug/m3 in 1993, 2.72 ug/m3 in 1994 and
1.56 ug/m3 in 1995.  Waterbury and Winooski had annual average concentrations from 0.33 ug/m3

to 0.44 ug/m3.  Underhill had the lowest annual average values: 0.30 ug/m3 in 1994 and 0.25 ug/m3

in 1995 (see Figure 4.10).  Concentrations of 1,2,4-trimethyl benzene in the US range from 3 ug/m3

in rural areas to 6 ug/m3 in urban areas (EPA, 1988).  1,2,4-Trimethyl benzene concentrations were
below the detection limit in 36% of the samples.  The low average did not exceed the standard in 2
out of 12 data sets.  
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1,2,4-Trimethyl benzene appears to be generated by local sources.  These sources include area
sources (paints, gasoline and surface coatings) and point sources, such as printing presses.  The
variation of the concentration levels follows the locally generated pollutant pattern: highest at urban
sites and then decreasing as sites become more rural.  The atmospheric half life is fairly short, 6-12
hours (Chemfate, 1994; EPA, 1987).  

                                                                       
Figure 4.10-Annual average ambient air concentrations of
1,2,4-trimethyl benzene in micrograms per cubic meter
(ug/m3) at Vermont Monitoring Sites from 1993 to 1995.  The
Hazardous Ambient Air Standard (HAAS)  is .15 ug/m3. See
section IV.B.3.

b. Limitations and Uncertainties
1,2,4-Trimethyl benzene concentrations were below the detection limit in 36% of the sample

collected, creating uncertainty regarding the true ambient concentration of the compound.  The
standard (0.15 ug/m3) is also less than the detection limit (0.49 ug/m3) which generates uncertainty
as to whether the compound truly exceeds the standard.  This uncertainty is limited by examination
of the low means which did exceed the standard in 10 of the 12 data sets.  1,2,4-Trimethyl benzene
has not been monitored since March 1995 so current ambient levels are not known.

c. Implications of Revised Standard 
Since the revised standard for1,2,4-trimethyl benzene will increase from 0.15 ug/m3 to 297.6

ug/m3,  the air concentrations will no longer exceed the proposed revised standard and therefore the
compound should be removed from the priority list.

d. Health Concerns 
The primary way 1,2,4-trimethyl benzene, commonly referred to as pseudocumene, may enter

the body is by inhalation of contaminated air into the lungs.  Studies indicate that approximately two-
thirds of the 1,2,4-trimethyl benzene inhaled into human lungs is actually retained.  
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About one-third of the retained 1,2,4-trimethyl benzene leaves the body unchanged through exhaled
air. The remaining two-thirds is absorbed from the lungs into the bloodstream where it can be
transported throughout the body (Jarnberg et al., 1996; Kostrzewski et al., 1997).

The majority of absorbed 1,2,4-trimethyl benzene is broken down into other compounds (metabolites)
and leaves the body through the urine.  Experimental studies in human volunteers suggest that this
compound may significantly accumulate in adipose (fat) tissue (Jarnberg, 1996).  This would imply
that once exposure has stopped, total elimination of this compound from the body may take a few
days up to a few weeks.

Inhalation of elevated levels of 1,2,4-trimethyl benzene, even for short periods of time, may irritate
the eyes, respiratory tract and mucosal membranes.  Headache, fatigue, nausea, irritation of the skin,
eyes and mucous membranes, central nervous system depression asthmatic bronchitis, chemical
pneumonitis or pulmonary edema have been reported in people, especially workers, who have inhaled
elevated amounts of this compound for various amounts of time (HSDB, 1997; NIOSH, 1987).
Short-term exposure to highly elevated levels may also produce hypothermia.  Anxiety and
nervousness were particularly noted in those who had been exposed for extended periods of time
(HSDB, 1997).  Long-term exposure may also result in disturbances in the blood forming organs and
in the development of hypochromic anemia. 

While experimental studies with laboratory animals indicate that 1,2,4-trimethyl benzene can cross
the placenta, it was not found to be teratogenic in the specie studied (HSDB, 1997).  Central nervous
system depression, mucous membrane and respiratory irritation have also been noted in experiments
with laboratory animals (NIOSH, 1987).

1,2,4-Trimethyl benzene may also be absorbed into the body across the skin.  Dermal contact can
cause skin irritation.  Ingestion of elevated amounts of this compound may also produce nausea,
vomiting, gastrointestinal or esophageal irritation (HSDB, 1997).

1,2,4-Trimethyl benzene does not have a United States Environmental Protection Agency weight of
evidence or International Agency for Research on cancer classification.

C.  Category III

1. Acrolein

a. Discussion
Acrolein was selected as a priority compound due to public concerns about the adequacy of

the current standard.  The current HAAS is 2.5 ug/m3 (8 hr standard).  Ambient levels range from a
high of 0.31 ug/m3 for one sample in Rutland in 1995 to a low of 0 (non-detect).  Annual average
concentrations are shown in Figure 4.11.  Acrolein concentrations were below the detection limit in
90% of the samples collected. 
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In several large cities, acrolein has been measured at 9 ppb (21 ug/m3). Acrolein appears to be
generated by local sources.  Acrolein is a product of combustion and is also produced in secondary
atmospheric chemical reactions from compounds such as 1,3-butadiene (EETE, 1995).  Atmospheric
half life is 10-17 hours (Kao, 1994).

Figure 4.11-Average annual ambient air concentrations of
acrolein in micrograms per cubic meter (ug/m3) at Vermont
Monitoring Sites from 1994 to 1995.  The Hazardous
Ambient Air Standard (HAAS)  is 2.5 ug/m3. See section
IV.C.1.

b. Limitations and Uncertainties
The current standard is an 8 hour standard and as the samples are collected over 24 hours

there is no way to really know if the standard is exceeded.  The current monitoring program is not
adequate to determine if an 8 hour standard has been exceeded.  The high percentage of non-detect
samples, 90%, adds to uncertainty regarding the true ambient concentration of acrolein.  The
detection limit for acrolein is a function of the sample volume and varies from sample to sample.  

c. Implications of Revised Standard  
Acrolein is recommended to be classified as a  Category I contaminant. The proposed revised

HAAS for acrolein would decrease from 2.5 ug/m3 to 0.002 ug/m3. At the proposed revised standard,
current emissions would exceed the HAAS. 

As stated above, acrolein is a product of combustion and is also produced in secondary atmospheric
chemical reactions from compounds such as 1,3-butadiene. As stated earlier in this report, sources
of 1,3-butadiene emissions include automobiles, waste incinerators, and wood fires. 

d. Health Concerns
One way acrolein enters the body is through inhalation of contaminated air. Acrolein enters

the lungs rapidly and a portion is taken up in the blood where it is metabolized and excreted through
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the kidneys.  When exposure ends acrolein levels in the lungs fall rapidly and the effects are
terminated.

Exposure to acrolein in the environment produces irritation in the lung, eyes, nose and throat as the
exposure increases from 170 to 430 ppb (390 to 990 ug/m3)(ATSDR, 1990b).  Extreme
concentrations can produce severe lung damage and can be fatal.  However at levels of exposure
found in the ambient environment the toxic effects of acrolein are reversible when exposure stops.

Long term or repeated exposures have not been well studied in humans.  Animal studies suggest that
there is a potential for chronic lung toxicity at moderate levels of exposure.  Certain persons may be
more sensitive to acrolein.  This could include the very young, the elderly and persons with
respiratory diseases such as asthma.

Acrolein's actions in the presence of other irritants is not known but combined exposures should be
expected to increase the toxicity.

Minimal risk levels for acrolein have been proposed to be 0.05 ppb (0.1 ug/m3) for short term
exposures and 0.009 ppb (0.02 ug/m3) for longer term exposures (ATSDR, 1990b).

Acrolein has been classified as  Class C: Possible human carcinogen by the United States
Environmental Agency and Group 3: Unclassifiable as to Carcinogenicity to Humans by the
International Agency for Research on Cancer.
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V. Management Options

A. Local Emissions 

As stated in Section IV, local emissions exceeding the proposed revised standards are benzene, 1,3-
butadiene, formaldehyde, methylene chloride, and acrolein. Sources of emissions from these
compounds are automobiles, gas stations, industry including incinerators and wood processing plants,
wood stoves, furniture strippers, and garages.

Additional local emissions of concern but not exceeding the revised proposed standards are mercury
and styrene.  As stated in Section IV, the concern from mercury is the indirect risk from fish
consumption. Vermont currently has a fish advisory in place concerning fish consumption.
Appendix D of this report contains an update from the University of Vermont School of Natural
Resources on the research being performed on the effects of mercury in Lake Champlain.  

Although the current air data for styrene does not show any emissions greater than the proposed
revised standard, the Agency recommends relocating monitors periodically in order to get better
representation of the air quality.  The Agency recommends continuation of monitoring for mercury
and styrene to observe any trends.   

To address local contaminants exceeding the standard or causing public concern, the Agency
recommends developing a Toxic Action Plan to propose methods of reducing emissions. In addition,
the Agency recommends continuing monitoring to determine ambient levels and to observe any trends
as regulatory actions are implemented.      

B. Transported Emissions

Transported emissions exceeding the proposed revised standards are carbon tetrachloride,
chloroform, and methyl chloride. As stated in Section IV, carbon tetrachloride was used extensively
until it withdrawn from the market in the 1960s.  Although it still has limited uses, it is being phased
out. Since the atmospheric half life is 50-100 years, it will take a long time for current levels to
decrease significantly.  Chloroform has been found in the air from all areas of the United States and
sources include pulp and paper mills, and water and wastewater plants that use chlorine as a
disinfectant.   The methyl chloride in the outdoor environment is almost totally from natural sources
such as oceans and biomass. The atmospheric half-life is 1-2 years. 

To address these transported emissions, the Agency recommends continuing monitoring to determine
ambient levels and to observe any trends in the data.  The ambient air concentrations for these
transported compounds are not as high as the concentrations for the local emissions exceeding the
standard.        
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C. Fine Particle Emissions

Many hazardous air contaminants are associated with the fine particle fraction of atmospheric
samples.  Organic compounds can be absorbed onto the surfaces of fine particles and deposited deep
into the lungs.  The U.S. EPA has recently established national standards for fine particulate matter
(defined as particles less than 2.5 microns).  Over the next three years, Vermont will be establishing
monitoring sites throughout the state to determine current fine particulate levels in the ambient air.

Because the toxicity of fine particles is likely dependent on the individual chemical species comprising
the particle, it is important to recognize the source and origin of these fine particle. All combustion
sources generate fine particles, either directly as fly ash, or indirectly as combustion gases cool in the
atmosphere and absorb onto the surfaces of particles. Emissions from fossil fuel combustion,
especially diesel fuel and wood, all contribute to the fine particle concentrations found in ambient air.
Future regulatory efforts to control airborne toxics will need to focus on these sources of fine
particles if the state is to be successful in reducing the levels of hazardous contaminants in our air.
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VI. Risk Issues

A. Allowable Risk Level in Vermont

1. Background

The state of Vermont Air Pollution Control Regulations as amended in March 1989 established a
maximum allowable incremental risk level of one in one million.  Consequently, the Regulations
dictated that the ambient air standard for each Category I contaminant (known or suspected
carcinogens) be set at a concentration estimated to correspond to a one in one million (1 x 10-6)
increase in the probability of developing cancer (over and above the background cancer rate) over
a lifetime of exposure.  The 1989 version of the Regulations required that this risk be implemented
as a total ambient air quality standard not to be exceeded.  Thus, no source was allowed to cause or
contribute to an exceedance of any ambient air standard.  For example, a source would not be allowed
to discharge any compound if the potential incremental lifetime carcinogenic risk  ( hereafter  referred
to as “risk”) associated with inhalation of existing ambient air was estimated to already be greater
than1 x 10-6 or if emissions from that point source would cause the total risk associated with
inhalation of ambient air to then exceed 1 x 10-6.

When the 1989 Regulations were originally adopted, there was no available data on local levels of
hazardous air contaminants in ambient air.   Once the Agency began receiving such data, it became
apparent that there were compounds present in outdoor air that already exceeded the established
standards.  Since the Regulation did not have a mechanism to address emissions in localities where
the existing ambient air quality was found to exceed an established ambient air standard, the Agency
had to deny permits to modify facilities emitting these compounds even in circumstances where the
modification would have improved overall air quality.

In response to this dilemma,  the Air Pollution Control Regulations were revised in 1993.  A five year
review period was set aside to review the scientific basis for each ambient standard and the impacts
of regulating individual emitters without considering the existing levels of contaminants in ambient
air.  Therefore, during the past five years industry has been regulated by requiring that no point
source emission result in greater than a 1 x 10-6 risk without taking the existing ambient air quality
into account. No limit was set as to the maximum allowable risk associated with inhalation of outdoor
ambient air. 

The Agency is now at the end of this five year period.  A decision must be made regarding what level
of risk is to be considered negligible, and how this value is to be applied, i.e., whether the Agency
should re-establish a total ambient air quality goal not to be exceeded, or continue to apply the
standards at individual point sources without consideration of existing ambient air concentrations.
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2. Discussion of Allowable Risk Level

It has traditionally been assumed that no threshold level of exposure exists for potential carcinogens.
Consequently, an increase in the theoretical probability of developing cancer, over and above the
background cancer rate, is assumed to be associated with any exposure greater than zero. This is a
conservative assumption that in some instances may result in risk estimates greater than zero, when
the actual value is zero. While the Committee is aware of this, it is agreed that the assumption of no
threshold level of exposure is a conservative, public health protective measure to make in the
assessment of potential carcinogens. Given this assumption and because the Agency is responsible
for ensuring public health protection from outdoor exposures to toxic air pollutants, the Agency
believes it is prudent to establish ambient air standards adequate to protect public health with an
ample margin of safety. For carcinogens, where it is assumed there is no absolutely risk-free level of
exposure, it becomes necessary for the Agency to establish a maximum allowable level of  risk.

When selecting a level of maximum allowable risk, it is important to think about what this value
represents in real life.  In the vast majority of cases, a quantitative estimate of a compound's ability
to cause cancer in humans is predicted by extrapolating data obtained from high dose experiments
with laboratory animals to low dose environmental exposures in humans. More so than specifically
bred laboratory animals, a great deal of heterogeneity exists in the human population.  The actual risk
experienced by individuals in a population thus varies between individuals as well as within an
individual, depending on the state of the body at the time of exposure.  At one particular point in
time, one person may be particularly susceptible to developing an adverse effect even with highly
restricted exposure, while another may be particularly resistant to developing an adverse effect
despite long term elevated exposure.  Because it is not possible to identify exactly which individual
at which time is at greatest risk, a maximum allowable level of risk is designed to be protective of
sensitive, but not hyper sensitive, individuals.

Various federal and state agencies employ different levels of maximum allowable risk. Values between
one and one million (1 x 10-6) to one in ten thousand (1 x 10-4) are typically used.  The objective of
each agency is to choose a level of risk believed to represent a negligible increase in potential risk
over background risk, for the population of concern. The same agency may employ different levels
of maximum allowable  risk in different situations, for example, less at residential sites than industrial
sites.  

Typically, risks estimated to be associated with individual compounds are assumed to be additive.
This means the estimated  risk associated with exposure to each compound are summed together to
yield one estimate of total risk. For example, if  the carcinogenic risk associated with inhalation of
chemical X is estimated to be 1 x 10-7 and for chemical Y is estimated to be 5x10-7, then the total risk
estimated to be associated with inhalation of these two chemicals in ambient air is 6 x10-7.    It should
be noted this is a conservative approach due to the conservative, health protective nature of each
individual risk estimate. Total risk of 1 x 10-6 from combined exposure to a number of potential
carcinogens is typically assumed to be negligible and not of concern for public health.  Many in the
risk assessment community typically consider a total risk of 1 x 10-5 or 1 x 10-4 to represent a
potential level of increased concern for public health.



60

3. Application of Maximum Allowable Level of Risk to Existing Air

Once the Vermont Agency of Natural Resources chooses a maximum allowable level of  risk, it is
necessary to determine how this value will be applied. As stated above, from 1989 to 1993, the
Agency applied the risk level of 1x10-6 as a total ambient air goal not to be exceeded. This meant that
no source was allowed to cause or contribute to ambient concentrations in excess of any standard.
Thus, new sources were precluded from emitting those compounds where existing ambient air quality
was estimated to be above the total ambient air goal of 1x10-6. This was regardless of whether the
potential risk associated with inhalation exposure to emissions from the new source was negligible,
i.e., less than 1 x 10-6.

From 1993 to the present, the maximum allowable risk level has been applied as a  point source
emission limit without considering the existing concentrations of toxic pollutants in outdoor air.
During this period, no total ambient quality goal was established.

The Agency has examined  its risk assessment methodology with the assistance of the Toxicological
Advisory Committee.  It now must choose a maximum allowable level of risk and decide how it is
to be applied. Various options are available.  For example, some federal and state agencies have
chosen to establish a tiered approach to setting maximum allowable risk.  For example, risk associated
with emission of an individual compound from a point source may not exceed 1 x 10-6, but the total
risk associated with inhalation exposure to all compounds being emitted from a source may not
exceed a risk of 1 x 10-5. Some agencies have chosen to use an iterative approach to risk
management. This  involves using screening assessments to identify those point sources of greatest
potential concern for public health.  Maximum estimates of potential emissions and exposure factors
are used to determine whether a facility should undergo a more detailed assessment. For example,
if the total risk derived using such elevated values is below the established risk level, no further
assessment would be required and a permit could be issued.  If the total risk is above the established
risk level, then a refined analysis would be required. 

Regardless of the methodology employed by these various agencies, those sources with total
estimated risk less than 1 x 10-6 are routinely not considered to be of significant concern for public
health.  Those sources with total estimated risk between 1 x 10-6 and 1 x 10-4 are often identified as
requiring further investigation.

The Committee agrees that 1x10-6 is a negligible risk, however, whether or not it is acceptable to
allow additional emissions even at this negligible level should depend on the existing air quality of the
area in question.  If total risk associated with inhalation of existing ambient air is estimated to already
be highly elevated, above 10-4 for example, it may not be appropriate to allow additional emissions,
even at the 1x10-6 level, without further investigation.

The Committee agrees that it may be prudent to define a total ambient air quality goal that should not
be exceeded. Individual point sources would then be required to control emissions so that the total
risk associated with inhalation of ambient air is below the total ambient air quality goal.  
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B. Air Toxic Programs in Other States

The Committee has obtained information from other northeastern states and the State of Washington
to determine how standards are developed from these states to control emissions from air toxics and
how they are applied to ambient air. It is the Committee’s understanding that air standards are applied
only as point source limits and none of the northeastern states employ a total ambient air quality goal.
It is also the Committee’s understanding that existing levels of air toxics in the northeast are not
considered when reviewing specific source emissions.

New Jersey

For cancer effects, New Jersey  uses a 1x10-6 risk level for screening acceptable impacts; but the
acceptable risk can go as high as 1x10-4 under a refined analysis. For noncancer effects, they use a
Hazard Index (HI) of 1 for screening; but may go higher for refined analysis.  

New Hampshire

New Hampshire has adopted regulations for standards for some contaminants and will be adopting
new regulations for additional contaminants in March of 1998. The standards for the new
contaminants will employ cancer risk values, RfCs, and modified occupational values. Modified
occupational values include safety factors and  time adjustment factors based upon reproductive
toxicity, cancer effects, mutagenicity, acute toxicity and systemic noncancer effects.  Acceptable
cancer risks for specific source emissions will be set at the 1x10-5 level at the property line.  

Connecticut
    
Connecticut adopted regulations in 1986 for hazardous air pollutants.  The standards are based on
occupational levels with various factors applied. These standards are applied at the stack (point of
emission).

Maine

Maine repealed its air toxics program but Maine is interested in reinstating a program.

Rhode Island

Rhode Island adopted regulations for air toxics in 1988.  For cancer effects, emissions are controlled
at the 1x10-6 risk level, or at the1x10-5 risk level if emission control technology is employed. In
addition, Rhode Island uses an RfC based approach for noncarcinogens. 

Rhode Island may be updating standards to take into account current toxicity information.  
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Massachusetts

Massachusetts’ air toxics program is applied in limited circumstances for specific source categories
such as municipal waste incinerators. Acceptable risks are set at 1x10-6 for single contaminants, and
1x10-5 for multiple contaminants.

New York

New York is currently in the process of adopting its air toxic guidelines into regulation.  The New
York approach uses modified occupational standards or chemical specific risk assessments to
establish acceptable concentration levels which individual sources must attain at their property line.
In the assessment of new pollution sources to be constructed, New York is considering restricting
new source impacts to one-half the acceptable concentration level to account for background levels
of the toxic pollutant and provide a further margin of safety.

Washington State

Washington State uses acceptable source impact levels set at the 1 x 10-6  risk level for review of new
or modified sources of toxic air pollutants.  If the source’s impacts would exceed this level, then a
refined risk assessment must be done to demonstrate the ambient air risk from the compound will be
no greater than 1 x 10-5.  If the impacts would exceed the 1 x 10-5 level, a new source could still be
permitted if it implemented an environmentally beneficial program such as replacing uncertified wood
stoves, buying up older, polluting cars, paying for car/van pools, eliminating an existing source of
toxic emissions at another factory, or a combination of these approaches in a effort to reduce the risk
associated with outdoor air exposure in a community.
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VII. Future Actions and Recommendations

A. Continue Monitoring

As stated in Section V, Management Options, the Agency should continue monitoring for air toxics
to determine ambient levels and to observe any trends as regulatory actions are implemented.  The
air monitoring data allows the Agency to compare ambient air levels to the standards to determine
those compounds that consistently exceed the standard.

B. Toxic Action Plan

As stated in Section V, the Agency should develop a Toxic Action Plan to address those
contaminants that consistently exceed the standard and those contaminants such as mercury that
provide concerns due to indirect health risks.  

C. Review of Standards

The Agency recommends conducting a  review of standards every five years so that standards can
be updated based on the most recent toxicological information. Unless revisions are proposed, the
reviews should follow the proposed methodologies outlined in Sections II.B and II.C.  If during the
five year periodic update it is determined that a change in toxicity information will significantly impact
the standard, the Agency may consider requesting a line item regulatory amendment.

D. Short Term Standards

For several Hazardous Air Contaminants, it may be appropriate to develop two sets of ambient air
standards, one to be protective of potential adverse health effects that may be associated with long
term, chronic exposures and a second to protect against potential adverse health effects that may be
associated with acute or short term exposures.  Future efforts should focus on developing criteria by
which to identify such compounds and identifying acceptable sources of short term standards.  One
potential source is the National Advisory Committee on Acute Exposure Guideline Levels for
Hazardous Substances.  As of this writing, short term standards, referred to as Acute Exposure
Guideline Levels (AEGLs) are available for three current Category I compounds (aniline, arsine and
ethylene oxide) and seven current Category III compounds (ammonia, chlorine, 1,2-dichloroethane,
fluorine, hydrogen chloride, nitric acid and phosphine).  Other potentially useful short-term exposure
limits are occupational short-term exposure limits and/or ceiling limits derived for various
contaminants by ACGIH, OSHA and NIOSH.  In the interim, as a temporary measure, the
environmental level of any contaminant should not be allowed to exceed an established work place
ceiling limit.  

E. Other Endpoints

Toxic air standards are designed to protect the public from unsafe exposures to compounds with
defined human health effects.  In order to establish an air standard it is necessary to identify the
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human health effects and the exposure level which could cause an effect.   As part of the process of
setting protective ambient standards, the Committee recommends considering other health effects or
endpoints in addition to cancer. The committee recommends considering other endpoints such as
endocrine disruptors or environmental respiratory disease in future regulatory decisions.

1. Endocrine Disruptors 

Endocrine disruption refers to an effect on the hormonal balance in humans.  Endocrines  are
responsible for the long term biological control of growth and development. Growth and development
are signaled and controlled by both the external environment and the internal hormonal balance.
Chemicals that interfere with or block the function of the hormones would profoundly affect the
development of the system. 

Presently there is insufficient information about the endocrine disruptors to formulate a regulatory
approach.  However, it is important to be aware of and monitor this new area of investigation for
future regulatory actions.

2. Environmental Respiratory Disease

Environmental respiratory disease refers to complex respiratory conditions that are exacerbated if not
induced by the presence of toxics in the air.  For example, air contaminants  that provide a chronic
irritant effect may increase the time it takes to recover from bacterial or viral induced colds and upper
respiratory tract infections. 

When the physiological conditions are sporadic or rare, such as colds or pneumonia, it is difficult to
identify the contaminants that cause or exacerbate the health effect. However, there are conditions
such as childhood and adult asthma which are endemic to a population and therefore benefits could
be derived from reduction in exposure to airborne chemicals that precipitate or exacerbate the disease.

Some initial studies are being done which could provide another unique way to protect the public
health.  These studies do not yet yield definitive information but could in the near future identify an
appropriate public health step for regulatory purposes.
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